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ABSTRACT 

The  vascular  flora  of  Weaver's  Woods,  a  7.2  ha  old-growth  forest  remnant,  was 
surveyed  during  the  1995  growing  season.  A  total  of  215  species  and  subspecific 
taxa  in  77  families  and  155  genera  were  identified,  of  which  24  (11.2%)  were  non¬ 
native.  The  predominant  photosynthetic  pathway  was  C3  (96.3%),  and  only  8  taxa 
exhibited  the  C4  pathway.  The  dominant  growth  form  was  perennial  (78.1%),  with 
most  taxa  being  woody  or  herbaceous.  The  most  common  lifeforms  were 
hemicryptophytes  (76  taxa/35.3%)  and  phanerophytes  (62  taxa/28.8%).  Four  habitats 
were  identified,  with  species  richness  being  highest  in  dry-mesic  upland  forest  and 
lowest  in  forest  edge.  Non-native  taxa  were  most  common  along  intermittent  streams 
in  mesic  upland  forest  and  along  the  forest  edge.  Abundance  ratings  indicate  that 
most  taxa  were  not  frequently  encountered,  which  may  be  related  to  an  increase  in 
mesophytic  species  (increased  shade)  and  limited  habitat  for  shade  intolerant  plant 
species.  Floristic  comparison  with  13  study  sites  in  southwestern  Illinois  revealed 
that  the  families  Asteraceae,  Poaceae,  Cyperaceae,  Fabaceae,  Rosaceae,  and 
Liliaceae  account  for  approximately  41%  of  the  taxa  in  the  flora,  while  the  genera 
Care: c,  Dichanthelium,  Solidago ,  Aster ,  and  Quercus  had  the  highest  numbers  of  taxa. 
The  average  proportions  '  of  vascular  cryptogams  and  gymnosperms, 
monocotyledonous  angiosperms,  and  dicotyledonous  angiosperms  at  each  study  site 
were  4%,  24%,  and  72%,  respectively. 

INTRODUCTION 

Old-growth  mesic  upland  forests  are  rare  in  the  central  hardwood  region  (Parker 
1989).  It  is  estimated  that  less  than  1%  of  the  original  forest  in  this  region  remains 
as  old-growth,  and  the  majority  of  these  forests  are  small  (<  15  ha),  isolated,  and 
within  fragmented  landscapes  (Parker  et  al.  1985,  Parker  1989).  Upland  oak-hickory 
forests  are  declining  in  the  region  from  poor  regeneration  and  are  being  replaced  by 
Acer  saccharum  Marsh,  and  Fagus  grandifolia  Ehrh.  (Boggess  and  Bailey,  1964, 
Weaver  and  Ashby  1971,  Schmelz  et  al.  1974,  Barton  and  Schmelz  1987,  Shotola  et 
al.  1992,  Franklin  et  al.  1993).  This  decline  is  attributed  to  a  combination  of 
climatic  change  and  removal  of  anthropogenic  and  natural  disturbances  (Parker 
1989). 


2 


Weaver's  Woods,  one  of  the  best  documented  old-growth  forests  in  the  midwest, 
provides  an  excellent  opportunity  to  add  to  our  knowledge  of  the  old-growth  condition 
(Weaver  and  Ashby  1971,  Shotola  et  al.  1992).  An  extensive  data  set  on  woody  and 
herbaceous  vegetation  at  Weaver's  Woods  has  been  collected  since  1956,  but  no 
study  of  the  complete  vascular  flora  has  been  conducted.  Therefore,  the  objectives 
of  this  study  were,  following  guidelines  in  Palmer  et  al.  (1995),  (1)  to  survey  the 
vascular  flora  of  Weaver's  Woods,  (2)  delineate  habitats,  (3)  describe  the  flora  in 
terms  of  growth  forms,  life  forms,  and  photosynthetic  pathways,  and  (4)  compare  the 
results  with  other  floristic  studies  conducted  in  southwestern  Illinois  to  complement 
results  reported  in  Basinger  and  Robertson  (1996). 

STUDY  AREA 

Weaver's  Woods  is  a  privately  owned  7.2  ha  forest  located  approximately  8  km  south 
of  Jonesboro,  Illinois  (Figure  1).  The  study  site  is  located  within  the  Southern 
Section  of  the  Ozark  Division,  a  driftless  region  of  dissected  topography  that  is  the 
eastern  extent  of  the  Salem  Plateau  (Schwegman  et  al.  1973).  Braun  (1950) 
included  the  Illinois  Ozarks  as  part  of  the  Hill  Section  of  the  Western  Mesophytic 
Forest.  Moist  ravines  and  sheltered  slopes  are  favorable  for  mixed  mesophytic 
vegetation,  while  oak-hickory  forests  develop  on  drier  uplands  (Braun  1950). 

Climate  in  southern  Illinois  is  continental  with  warm  summers  and  mild  winters. 
Thorn thwaithe  (1948)  considered  the  climate  to  be  humid  mesothermal  with  little  to 
no  water  deficit  in  any  season  and  a  potential  annual  evapotranspiration  of  76.2  cm. 
Average  yearly  precipitation  is  117  cm  at  Anna,  approximately  9  km  north  of  the 
study  site.  Precipitation  is  evenly  distributed  throughout  the  year,  though  extended 
periods  of  drought  can  occur  during  the  summer  months.  The  mean  January 
temperature  is  2°C  while  the  mean  July  temperature  is  26°C  at  Anna.  The  average 
number  of  frost-free  days  is  206,  extending  between  7  April  and  30  October  (Miles  et 
al.  1979). 

Upland  soils  at  Weaver's  Woods  consist  primarily  of  Alford  silt  loam,  a  well-drained, 
high  available  water-holding  capacity  soil,  formed  from  deep  loessal  deposits  (typic 
hapludalf),  covers  approximately  81%  of  the  study  site.  Other  upland  soils  of  minor 
importance  comprise  approximately  5%  of  the  study  area  and  are  found  on  the 
steepest  slopes.  Ravine  bottoms  comprise  approximately  15%  of  the  study  area  and 
are  composed  of  Elsah  cherty  silt  loam  and  Haymond  silt  loam  (typic  udifluvents) 
which  are  moderate  to  well-drained  soils  (Weaver  and  Ashby  1971,  Miles  et  al. 
1979,  Shotola  et  al.  1992). 

Weaver's  Woods,  owned  by  the  Weaver  family  since  the  1820's,  has  remained  free 
from  fire  and  grazing  for  over  100  years  (Weaver  and  Ashby  1971,  Shotola  et  al. 
1992).  Selective  tree  removal  occurred  between  1871  and  1950,  with  approximately 
100  trees  removed  from  the  stand  in  various  size-classes.  Among  the  species 
removed  were  Carya  ovata  (Mill.)  K.  Koch  for  firewood,  and  Quercus  alba  L.,  Q. 
velutina  Lam.,  Q.  rubra  L.,  Liriodendron  tulipifera  L.,  and  Magnolia  acuminata  L.  for 
construction  and  stave  bolts.  This  forest  has  been  surrounded  by  farmland  since  the 
early  1900's  and  has  experienced  severe  gully  erosion  to  drainage  channels  and 
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windstorm  damage  (Weaver  and  Ashby  1971,  Shotola  et  al.  1992).  Due  to  the 
degradation  of  the  forest,  mortality  of  many  large  oaks  and  hickories,  and  increase  of 
Acer  saccharum  Marsh,  and  Fagus  grandifolia  Ehrh.  in  the  understory,  a  timber 
harvest  occurred  at  Weaver's  Woods  in  November  1995.  Future  management  of  this 
forest  will  include  re-planting  of  oaks  and  hickories,  removal  of  the  mesophytic 
understory,  and  construction  of  water  bars  to  control  erosion. 

METHODS 

Thirty  trips  were  made  to  Weaver's  Woods  from  1  April- 15  November  1995  to  collect 
voucher  specimens,  abundance  and  habitat  information  for  each  taxon,  and  delineate 
habitats.  The  entire  forest  was  surveyed  for  vascular  plants  approximately  once  each 
week  during  the  growing  season  with  special  attention  given  to  areas  with  high 
species  richness.  Voucher  specimens  were  deposited  at  the  Illinois  Natural  History 
Survey  Herbarium  (ILLS).  Identifications,  along  with  criteria  for  native  and  non¬ 
native  taxa  designation  and  plant  duration,  were  made  using  Fernald  (1950),  Radford 
et  al.  (1968),  Mohlenbrock  (1986),  Gleason  and  Cronquist  (1991),  and  Smith  (1994). 
Nomenclature  follows  Mohlenbrock  (1986). 

Photosynthetic  pathway  (C3/C4)  for  each  taxon  collected  at  Weaver's  Woods  was 
determined  using  Downtown  (1975),  Raghavendra  and  Das  (1978),  Waller  and  Lewis 
(1979),  Ueno  et  al.  (1989),  and  Baskin  et  al.  (1995)  (Table  1).  Plant  duration 
(annual/perennial)  was  determined  from  taxonomic  sources  listed  above.  Annual 
designation  also  included  those  taxa,  such  as  Campanula  americana  L.,  that  have  a 
biennial  life  cycle.  Graminoids  included  Cyperaceae,  Juncaceae,  and  Poaceae. 
Forbs  included  non-woody  and  non-graminoid  vascular  plants.  Woody  plants 
included  trees,  shrubs,  and  lianas,  while  ferns  and  fern  allies  were  listed  as 
pteridophytes.  Woody  plants  and  pteridophytes  were  assumed  to  have  C3 
photosynthetic  pathways  (Baskin  et  al.  1995). 

Plant  life  form  (Raunkiaer  1934)  was  determined  for  each  taxon  using  information  in 
Ennis  (1928),  MacDonald  (1937),  Oosting  (1942),  Hansen  (1952),  Gibson  (1961), 
and  Baskin  et  al.  (1995). 

Abundance  ratings  (Appendix  1)  have  been  defined  to  give  a  relative  quantification 
to  field  observations  and  were  modified  from  Murrell  and  Wofford  (1987),  Lortie  et 
al.  (1991),  Looney  et  al.  (1993),  and  Joyner  and  Chester  (1994).  Abundance  rating 
refers  to  abundance  of  a  taxon  within  habitats  where  it  is  known  to  occur.  When  a 
taxon  occurs  in  more  than  one  habitat,  the  first  listed  habitat  (optimum)  was  used  to 
calculate  species  richness  by  habitat  (Table  2).  Abundance  ratings  were:  1) 
abundant,  species  dominant  in  listed  habitat(s),  2)  frequent,  species  co-dominant  or 
in  large  numbers  in  listed  habitat(s),  3)  occasional,  species  in  moderate  numbers  in 
listed  habitat(s),  4)  infrequent,  species  in  small  numbers  or  few  individuals  in  listed 
habitat(s),  and  5)  rare,  species  known  from  only  one  individual,  a  few  individuals  in 
a  restricted  habitat,  or  from  one  population. 

Habitats  for  dry-mesic  and  mesic  upland  forest  were  designated  using  the  system  of 
White  and  Madany  (1978).  Canopy  gap  and  forest  edge  habitats,  not  recognized  by 
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White  and  Madany  (1978),  were  recognized  in  this  study  based  upon  floristic 
composition  and  canopy  structure. 

RESULTS  AND  DISCUSSION 

Based  upon  231  collections  made  during  this  study,  the  known  vascular  flora  of 
Weaver's  Woods  consisted  of  215  species  and  subspecific  taxa  in  77  families  and 
155  genera.  No  state  threatened  or  endangered  taxa  were  identified.  Twenty-four 
taxa  (11.2%)  were  non-native  to  the  study  site  (Table  1).  Families  with  greatest 
representation  by  individual  taxa  were  Asteraceae  (25  taxa),  Poaceae  (19), 
Cyperaceae  (10),  Liliaceae  (7),  Rosaceae  (7),  Fabaceae  (6),  and  Juglandaceae  (6). 
The  largest  genera  were  Carex  (10  taxa),  Cary  a  (5),  and  Polygonum ,  Quercus,  and 
Smilax  (4  taxa  each).  Genera  with  3  taxa  included  Acer ,  Botrychium,  Desmodium, 
Dichanthelium,  Elymus,  Galium,  and  Ranunculus. 

The  flora  of  Weaver's  Woods  was  dominated  by  C3  perennial  forbs  (71  taxa/33.0%), 
woody  plants  (64/29.8%),  and  C3  annual  forbs  (41/19.1%).  There  were  112  forb  taxa 
(52.1%),  64  woody  taxa  (29.8%),  30  graminoid  taxa  (14.0%),  and  9  pteridophytes 
(4.2%).  The  totals  of  64  woody  and  151  herbaceous  taxa  are  higher  than  those 
established  for  mesic  old-growth  forests  in  the  central  hardwood  region  (Parker  1989). 
Of  forb  and  graminoid  taxa,  47  (33.1%)  were  annual  and  95  (66.9%)  were  perennial. 
Of  the  47  annual  taxa,  six  (12.8%)  were  considered  to  be  biennial:  Campanula 
americana  L.,  Cirsium  discolor  Muhl.,  Hackelia  virginiana  (L.)  I.M.  Johnston, 
Lactuca  canadensis  L.,  L.  floridana  (L.)  Gaertn.,  and  Verbascum  thapsus  L.  The 
predominant  photosynthetic  pathway  for  all  vascular  taxa  was  C3  (96.3%).  Only  8 
taxa  (3.7%),  all  in  the  Poaceae,  were  considered  to  have  the  C4  photosynthetic 
pathway.  Several  studies  from  the  eastern  United  States  in  granite  and  limestone 
outcrops  (Philips  1982,  Baskin  et  al.  1995),  and  bottomland  forests  and  swamps 
(Basinger  et  al.  in  press)  also  indicate  that  the  C3  photosynthetic  pathway  is  most 
common. 

Life  forms  of  the  215  taxa  identified  from  Weaver's  Woods  are  as  follows: 
hemicryptophytes  (76  taxa/35.3%),  phanerophytes  (62/28.8%),  therophytes 

(41/19.1%),  cryptophytes  (35/16.3%),  and  chamaephytes  (1/0.5%).  Six  biennial  and 
two  Rubus  taxa  were  considered  as  hemicryptophytes,  although  they  were  considered 
as  annual  and  woody  taxa,  respectively,  in  plant  duration.  Studies  in  the  eastern 
United  States  from  localized  granite  and  limestone  outcrops  (Phillips  1982,  Baskin 
et  al.  1995),  regional  areas  (Oosting  1942),  and  statewide  floras  (MacDonald  1937, 
Hansen  1952,  Gibson  1961)  all  note  that  the  most  prevalent  life  form  is  the 
hemicryptophyte. 

Although  habitats  at  Weaver's  Woods  were  dominated  by  woody  vegetation,  the 
proportion  of  herbaceous  growth  forms  within  each  habitat  did  vary.  C3  perennial 
forbs,  C3  perennial  graminoids,  and  pteridophytes  were  common  components  of  dry- 
mesic  forest.  C3  annual  forbs  were  most  common  along  intermittent  streams  and 
alluvial  terraces  in  mesic  upland  forest,  while  C3  annual  forbs  and  C4  graminoids 
were  common  in  canopy  gaps.  C3  annual  and  C3  perennial  forbs  were  common  along 
the  forest  edge. 
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Species  richness  was  highest  in  dry-mesic  (109  taxa/50.7%)  and  mesic  upland  forest 
(63/29.3%)  habitats  and  lowest  in  forest  edge  (22/10.2%)  and  canopy  gap  (21/9.8%) 
habitats.  The  high  species  richness  values  for  dry-mesic  and  mesic  upland  forest  are 
primarily  a  function  of  the  area  of  these  habitats,  since  they  occupy  approximately 
81%  and  15%  of  the  site,  respectively.  Species  richness  of  non-native  taxa  was 
highest  in  mesic  forest,  primarily  in  rocky,  intermittent  stream  beds  (10  taxa/4.7%) 
and  forest  edge  (9/4.2%)  habitats  and  lowest  in  the  canopy  gap  (4/1.9%)  and  dry- 
mesic  forest  (1/0.5%)  habitats. 

Abundance  ratings  indicate  that  only  7  taxa  (3.3%)  were  abundant  and  34  taxa 
(15.8%)  were  frequent  within  their  respective  habitat  optima  at  Weaver's  Woods. 
The  majority  of  taxa  (80.5%)  were  occasional  (11.2%),  infrequent  (30.7%),  or  rare 
(38.6%)  in  abundance  within  their  habitat  optima.  This  was  primarily  due  to 
fragmentation  (edge  effect)  and  increased  canopy  shade  from  mesophytic  woody 
species  {Acer  saccharum  Marsh.,  Asimina  triloba  (L.)  Dunal,  and  Fagus  grandifolia 
Ehrh.)  during  the  growing  season  which  limit  habitat  space  and  growth  of  shade 
intolerant  plant  species  (Shotola  et  al.  1992). 

The  vascular  flora  of  Weaver's  Woods  was  compared  to  13  floristic  surveys  of  sites 
within  the  Ozark  Hills  and  Greater  Shawnee  Hills  of  southwestern  Illinois  (Table  4). 
Mohlenbrock  (1986)  was  used  to  reduce  synonomy  in  cases  where  the  floras  used 
different  taxonomic  sources.  The  values  for  pteridophytes  and  gymnosperms  in  each 
floristic  study  ranged  from  3.7%  and  5.0%  with  a  mean  of  4.1%  (standard  deviation 
of  0.4%).  The  total  values  for  monocotyledonous  angiosperms  in  each  flora  ranged 
between  21.5%  and  28.0%  with  mean  of  24.4%  (standard  deviation  of  1.9%),  while 
the  values  for  dicotyledonous  angiosperms  ranged  between  67.9%  and  74.5%  with  a 
mean  of  71.5%  (standard  deviation  of  1.9%).  These  values  are  very  consistent  with 
the  values  of  3.4%  for  pteridophytes  and  gymnosperms,  25.5%  for  monocots,  and 
71.1%  for  dicots  reported  by  Mohlenbrock  and  Voigt  (1959)  for  1599  taxa  within 
twelve  counties  of  southern  Illinois. 

The  number  of  non-native  taxa  exceeded  10%  of  the  total  flora  at  each  study  site 
except  for  Piney  Creek  Ravine  in  Jackson  and  Randolph  counties  (9.1%,  Weber 
1959)  and  Atwood  Ridge  Natural  Area  in  Union  County  (4.4%,  Phillippe  1992) 
(Table  4).  The  low  number  of  non-native  taxa  at  Atwood  Ridge  was  attributed  by 
Phillippe  (1992)  to  lack  of  recent  disturbance  and  a  continuous  forested  canopy 
without  openings  or  roads  that  would  permit  colonization  of  disturbance  adapted  non¬ 
native  plant  species.  Sites  that  had  the  highest  percentages  of  non-native  taxa  (13.2- 
16.8%),  such  as  Little  Grand  Canyon  (Johnson  1969),  Touch  of  Nature  (Davis  1987), 
Hidden  Cove-Buttermilk  Hill  (Ketzner  1988),  Cave  Valley-Pomona  Natural  Bridge 
(Sadowski  1982),  Devil's  Kitchen  Lake  (Ulaszek  1988),  and  Trail  of  Tears  State 
Forest  (Evans  1981)  are  all  open  to  the  public  as  recreational  and  scientific  areas  for 
hiking,  camping,  picnicing,  and  research. 

The  most  common  plant  families  in  each  floristic  survey  were  the  Asteraceae, 
Poaceae,  Cyperaceae,  Fabaceae,  Rosaceae,  and  Liliaceae  (Table  5).  The  number 
of  taxa  that  these  families  accounted  for  in  the  overall  flora  of  each  study  site  ranged 
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from  34.4%  to  45.5%  with  a  mean  of  41.3%  (standard  deviation  of  2.7%).  Additional 
plant  families  that  were  well  represented  in  these  surveys  included  the  Lamiaceae, 
Scrophulariaceae,  Brassicaceae,  Ranunculaceae,  Polygonaceae,  Apiaceae, 
Euphorbiaceae,  and  Aspleniaceae. 

The  most  common  genera  at  each  study  site  included  Carex,  Solidago ,  Aster, 
Dichanthelium ,  and  Quercus  (Table  6).  Carex  had  the  most  taxa  at  every  site  except 
Trail  of  Tears  State  Forest  (Evans  1980).  These  five  genera  accounted  for  8.1%  to 
14.6%  of  the  total  flora  at  each  study  site  with  a  mean  of  10.9%  (standard  deviation 
of  1.9%).  Other  important  genera  at  these  sites  were  Desmodium ,  Bromus, 
Lespedeza,  Polygonum,  Viola,  Juncus,  Ranunculus,  and  Carya. 

Future  floristic  study  at  Weaver's  Woods  will  examine  response  of  the  vascular  flora 
to  tree  harvesting,  in  particular  potential  increase  and/or  spread  of  non-native  taxa. 
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APPENDIX  1 

The  vascular  flora  of  Weaver's  Woods  is  arranged  alphabetically  by  family,  genus, 
and  species.  Non-native  taxa  are  indicated  by  an  asterisk  (*).  After  the  binomial 
and  authority,  a  list  of  habitats  (1  =  dry-mesic  forest,  2  =  mesic  forest,  3  =  canopy 
gap,  4  =  forest  edge)  where  the  taxon  occurred  most  often  is  given,  followed  by  an 
abundance  statement  (A  =  abundant,  F  =  frequent,  O  =  occasional,  I  =  infrequent,  R 
=  rare),  collection  number  of  the  first  author,  life  form  (Ph  =  phanerophyte,  H  = 
hemicryptophyte,  Cr  =  cryptophyte,  Th  =  therophyte,  Ch  =  chamaephyte),  and 
photosynthetic  pathway. 


ACERACEAE 

Acer  negundo  L.  2;  R;  10316;  Ph;  C3. 

Acer  rubrum  L.  2,  1;  R;  10317;  Ph;  C3. 

Acer  saccharum  Marsh.  1,  2,  3,  4;  A;  9654;  Ph;  C3. 

ADIANTACEAE 

Adiantum  pedatum  L.  1;  R;  9518;  Cr;  C3. 

ANACARDIACEAE 
Rhus  glabra  L.  3;  I;  9889;  Ph;  C3. 

Toxicodendron  radicans  (L.)  Kuntze  1,  4,  2,  3;  A;  9900;  Ph;  C3. 

ANNONACEAE 

Asimina  triloba  (L.)  Dunal  1,  2;  A;  10362 A;  Ph;  C3. 

APIACEAE 

Chaerophyllum  procumbens  (L.)  Crantz  2;  I;  9507;  Th;  C3. 
Cryptotaenia  canadensis  (L.)  DC.  1,  2;  F;  9645,  9861;  H;  C3. 
Osmorhiza  longistylis  (Torr.)  DC.  1,  2;  F;  9515;  H;  C3. 

Sanicula  canadensis  L.  1,2;  F;  9644,  9860;  H;  C3. 

AQUIFOLIACEAE 

Ilex  decidua  Walt.  1;  R;  10255;  Ph;  C3. 

ARACEAE 

Arisaema  dracontium  (L.)  Schott  1,  2;  O;  9509;  Cr;  C3. 

Arisaema  triphyllum  (L.)  Schott  1,  2;  F;  9519;  Cr;  C3. 

ARALIACEAE 

Aralia  spinosa  L.  1,4;  I;  10249;  Ph;  C3. 

Panax  quinquefolium  L.  1,2;  O;  9514;  Cr;  C3. 

ARISTOLOCHIACEAE 

Aristolochia  serpenteria  L.  1,  I;  10241;  Cr;  C3. 

ASCLEPIADACEAE 

Cynanchum  laeve  (Michx.)  Pers.  4,  3;  R;  10307;  Cr;  C3. 

Matelea  gonocarpa  (Walt.)  Shinners  1;  R;  10360;  H;  C3. 

ASPLENIACEAE 
Asplenium  platyneuron  (L.)  Oakes  1;  I;  9481;  FI;  C3. 

Cystopteris  protrusa  (Weatherby)  Blasd.  1;  O;  10361;  Cr;  C3. 
Polystichum  acrostichoides  (Michx.)  Schott  1,  2;  I;  9497;  H;  C3. 

ASTERACEAE 

Ambrosia  artemisiifolia  L.  2,  3;  R;  10294;  Th;  C3. 

Ambrosia  trifida  L.  4,  2,  3,  1;  I;  10240;  Th;  C3. 

Aster  lateriflorus  (L.)  Britt.  2,  4;  I;  10331;  H;  C3. 
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Aster  simplex  Willd.  2;  R;  10362;  H;  C3. 

Bidens  bipinnata  L.  3;  R;  10242;  Th;  C3. 

Bidens  frondosa  L.  3;  R;  10333;  Th;  C3. 

Cirsium  discolor  (Muhl.)  Spreng.  3,  4;  R;  10296;  H;  C3. 

Conyza  canadensis  (L.)  Cronq.  3,  4;  R;  10246;  Th;  C3. 
Elephantopus  carolinianus  Willd.  3,  4;  R;  10239;  H;  C3. 
Erechtites  hieracifolia  (L.)  Raf.  3,  2,  1;  O;  10247;  Th;  C3. 
Erigeron  annuus  (L.)  Pers.  2,  1;  I;  9668;  Th;  C3. 

Erigeron  philadelphicus  L.  2,  3;  I;  9492;  H;  C3. 

Eupatorium  rugosum  Houtt.  1,4,  3,  2;  F;  10363;  H;  C3. 
Eupatorium  serotinum  Michx.  3,  4;  I;  10250;  H;  C3. 

Gnaphalium  purpureum  L.  2;  R;  10345;  Th;  C3. 

Helianthus  divaricatus  L.  4;  R;  10251;  Cr;  C3. 

Lactuca  canadensis  L.  1,4;  R;  10295;  H;  C3. 

Lactuca  floridana  (L.)  Gaertn.  1,  3,  4;  I;  10252;  H;  C3. 

Prenanthes  altissima  L.  var.  cinnamomea  Fern.  1;  I;  10327;  H;  C3. 
Senecio  glabellus  Poir.  2;  I;  9491;  Th;  C3. 

Solidago  caesia  L.  1,2;  R;  10329;  H;  C3. 

Solidago  canadensis  L.  4,  3;  I;  10291;  H;  C3. 

* Taraxacum  officinale  Weber  2,  R;  10364;  H;  C3. 

Vernonia  gigantea  (Walt.)  Trel.  2,  4;  R;  10305;  H;  C3. 

Xanthium  strumarium  L.  3,  4;  R;  10330;  Th;  C3. 

BALSAMINACEAE 

Impatiens  capensis  Meerb.  2,  1,3;  F;  9862;  Th;  C3. 

BERBERIDACEAE 

Podophyllum  peltatum  L.  1,  A;  9864;  Cr;  C3. 

BIGNONIACEAE 
Campsis  radicans  (L.)  Seem.  4,  1;  R;  9897;  Ph;  C3. 

BORAGINACEAE 

Cynoglossum  virginianum  L.  1,2;  I;  9479;  H;  C3. 

Hackelia  virginiana  (L.)  I.M.  Johnston  1,  3;  O;  10238;  H;  C3. 
Myosotis  macrosperma  Engelm.  2;  R;  10365;  Th;  C3. 

BRASSICACEAE 

*Cardamine  hirsuta  L.  2,  1,  3;  I;  9489;  Th;  C3. 

Dentaria  laciniata  Muhl.  1,  2;  F;  9484;  Cr;  C3. 

*Thlaspi  arvense  L.  2;  R;  9493;  Th;  C3. 

CAESALPINIACEAE 

Cercis  canadensis  L.  1,  4;  R;  10341;  Ph;  C3. 

Gleditsia  triacanthos  L.  2,  4,  3;  I;  9867;  Ph;  C3. 

CALLITRICHACEAE 

Callitriche  terrestris  Raf.  2;  R;  10366;  Th;  C3. 

CAMPANULACEAE 

Campanula  americana  L.  2,  1;  I;  10236;  H;  C3. 

Lobelia  inflata  L.  1,2;  I;  9881,  10292;  Th;  C3. 

Lobelia  siphilitica  L.  2;  I;  10230;  H;  C3. 

CAPRIFOLIACEAE 
*Lonicera  japonica  Thunb.  4,  2,  1;  O;  9871;  Ph;  C3. 

*Lonicera  maackii  (Rupr.)  Maxim.  4,  3,  1;  I;  9659;  Ph;  C3. 


Sambucus  canadensis  L.  1,3,  2;  F;  9868;  Ph;  C3. 

Viburnum  rufidulum  Raf.  1;  I;  9508;  Ph;  C3. 

CARYOPHYLLACEAE 
*Stellaria  media  (L.)  Vill.  2,  I;  10342;  Th;  C3. 

CELASTRACEAE 

Celastrus  scandens  L.  4,  1;  I;  9500;  Ph;  C3. 

Euonymus  atropurpureus  Jacq.  1,  2,  4;  F;  9504,  10248;  Ph;  C3. 
*Euonymus  fortunei  (Turcz.)  Hand.-Maz.  4,  1;  I;  9503;  Ph;  C3. 

CHENOPODIACEAE 

Chenopodium  album  L.  1,  3,  4;  I;  10318,  10337;  Th;  C3. 

COMMELINACEAE 

*Commelina  communis  L.  2;  R;  9888;  Th;  C3. 

CONVOLVULACEAE 
*Ipomoea  hederacea  (L.)  Jacq.  4,  3;  R;  10323;  Th;  C3. 

CORNACEAE 

Cornus  drummondii  C.A.  Mey.  1,  4;  I;  9873;  Ph;  C3. 

Cornus  florida  L.  1,4;  I;  9896;  Ph;  C3. 

CORYLACEAE 

Carpinus  caroliniana  Walt.  1,  2;  I;  9872;  Ph;  C3. 

Ostrya  virginiana  (Mill.)  K.  Koch  1,  2;  O;  10299;  Ph;  C3. 

CUPRESSACEAE 

Juniperus  virginiana  L.  1;  R;  9648;  Ph;  C3. 

CYPERACEAE 

Care) t  amphibola  Steud.  1,  2;  F;  9473,  9513;  H;  C3. 

Car  ex  artitecta  Mack.  1;  I;  9501;  H;  C3. 

Carex  blanda  Dewey  1,  2;  F;  9506;  H;  C3. 

Carex  cephalophora  Willd.  1;  R;  9477;  H;  C3. 

Carex  digitalis  Willd.  1;  I;  9494;  H;  C3. 

Carex  hirsutella  Mack.  1,  4;  R;  9874;  Cr;  C3. 

Carex  hirtifolia  Mack.  1;  R;  9512;  Cr;  C3. 

Carex  jamesii  Schwein.  1,  2;  F;  9496;  H;  C3. 

Carex  laxiflora  Lam.  1;  R;  9476,  9529;  H;  C3. 

Carex  rosea  Willd.  1,  2;  R;  9498,  9524;  H;  C3. 

DIOSCOREACEAE 

Dioscorea  quaternata  (Walt.)  J.F.  Gmelin  1,  2,  4;  I;  9520;  Cr;  C3. 

EBENACEAE 

Diospyros  virginiana  L.  1,4,  3,  2;  I;  10293;  Ph;  C3. 

ELAEAGNACEAE 

*Elaeagnus  umbellata  Thunb.  4;  R;  9895;  Ph;  C3. 

EUPHORB I  ACE  AE 

Acalypha  rhomboidea  Raf.  3,  2;  R;  10244;  Th;  C3. 

Acalypha  virginica  L.  3,  1;  I;  10243,  10382;  Th;  C3. 

FABACEAE 

Amphicarpaea  bracteata  (L.)  Fern.  1,  2;  I;  9878,  10301;  Th;  C3. 
Desmodium  canescens  (L.)  DC.  4;  R;  10319;  H;  C3. 

Desmodium  glabellum  (Michx.)  DC.  1,  4;  R;  10302,  10335;  H;  C3. 
Desmodium  paniculatum  (L.)  DC.  1,  4;  R;  10320;  H;  C3. 

*Robinia  pseudo-acacia  L.  4,  1;  I;  10328;  Ph;  C3. 
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*Trifolium  repens  L.  2;  R;  10367;  H;  C3. 

FAGACEAE 

Fagus  grandifolia  Ehrh.  var.  caroliniana  (Loud.)  Fern.  &  Rehd.  1,  2;  F;  9649;  Ph;  C3. 
Quercus  alba  L.  1,2,  4;  F;  9639;  Ph;  C3. 

Quercus  prinoides  Willd.  var.  acuminata  (Michx.)  Gl.  2,  1;  R;  9658;  Ph;  C3. 

Quercus  rubra  L.  1,4;  F;  9647;  Ph;  C3. 

Quercus  velutina  Lam.  1,  4;  F;  9646;  Ph;  C3. 

FUMARIACEAE 

Corydalis  flavula  (Raf.)  DC.  1,  3,  2;  F;  9475;  Th;  C3. 

HAMAMELIDACEAE 
Liquidambar  styraciflua  L.  2,  1,  3,  4;  I;  9667;  Ph;  C3. 

HYDRANGEACEAE 

Hydrangea  arborescens  L.  1,2;  R;  9876;  Ph;  C3. 

HYPERICACEAE 

Hypericum  punctatum  Lam.  1;  R;  10322B;  H;  C3. 

IRIDACEAE 

Sisyrinchium  angustifolium  Mill.  2;  R;  9886;  H;  C3. 

JUGLANDACEAE 

Carya  cordiformis  (Wang.)  K.  Koch  1,  2;  I;  9663;  Ph;  C3. 

Carya  glabra  (Mill.)  Sweet  1,  2,  4;  F;  9655;  Ph;  C3. 

Carya  ovalis  (Wang.)  Sarg.  1,  2,  4;  F;  9656;  Ph;  C3. 

Carya  ovata  (Mill.)  K.  Koch  1,  2,  4;  F;  9641;  Ph;  C3. 

Carya  tomentosa  (Poir.)  Nutt.  1,  4;  R;  10257;  Ph;  C3. 

Juglans  nigra  L.  1,2,  4;  I;  9653;  Ph;  C3. 

JUNCACEAE 

Juncus  tenuis  Willd.  2,  1;  I;  9885;  H;  C3. 

LAMIACEAE 

*Perilla  frutescens  (L.)  Britt.  2,  3;  O;  10325;  Th;  C3. 

Prunella  vulgaris  L.  var.  elongata  Benth.  2;  I;  10231;  H;  C3. 

Teucrium  canadense  L.  var.  virginicum  (L.)  Eat.  4;  I;  9866;  H;  C3. 

LAURACEAE 

Sassafras  albidum  (Nutt.)  Nees  1,  4,  3,  2;  O;  9643;  Ph;  C3. 

L1LIACEAE 

Allium  canadense  L.  2;  R;  9480;  Cr;  C3. 

*  Allium  vineale  L.  1,4;  R;  9522;  Cr;  C3. 

*Ornithogalum  umbellatum  L.  4,  1;  I;  10368;  Cr;  C3. 

Polygonatum  biflorum  (Walt.)  Ell.  1;  R;  9517;  Cr;  C3. 

Smilacina  racemosa  (L.)  Desf.  1,  2;  I;  9516;  Cr;  C3. 

Trillium  recurvatum  Beck  1;  F;  9488;  Cr;  C3. 

Uvularia  grandiflora  Sm.  1;  I;  9526;  Cr;  C3. 

MAGNOLIACEAE 

Liriodendron  tulipifera  L.  4,  1,  3;  O;  9642;  Ph;  C3. 

Magnolia  acuminata  L.  1,2;  I;  9499;  Ph;  C3. 

MENISPERMACEAE 

Cocculus  carolinus  (L.)  DC.  1;  R;  10369;  Ph;  C3. 

Menispermum  canadense  L.  1,  4,  2;  O;  9521;  Ph;  C3. 

MORACEAE 


*Morus  alba  L.  4;  R;  9904;  Ph;  C3. 
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Morus  rubra  L.  2,  1,  4,  3;  F;  9482;  Ph;  C3. 

NYSSACEAE 

Nyssa  sylvatica  Marsh.  1,  4,  2,  3;  O;  9666;  Ph;  C3. 

OLEACEAE 

Fraxinus  americana  L.  1,  4,  2,  3;  F;  9661;  Ph;  C3. 

ONAGRACEAE 

Circaea  lutetiana  Aschers.  &  Magnus  ssp.  canadensis  (L.)  Aschers.  &  Magnus  1,3, 
2;  F;  9859;  Cr;  C3. 

OPHIOGLOSSACEAE 

Botrychium  dissectum  Spreng.  var.  dissectum.  2;  R;  10304;  Cr;  C3. 

Botrychium  dissectum  Spreng.  var.  obliquum  (Muhl.)  Clute  2,  1;  I;  10235;  Cr;  C3. 
Botrychium  virginianum  (L.)  Swartz  1,  2;  I;  9485;  Cr;  C3. 

Ophioglossum  vulgatum  L.  var.  pycnostichum  Fern.  2;  R;  9486;  Cr;  C3. 

ORCHIDACEAE 

Aplectrum  hyemale  (Willd.)  Nutt.  1,  2;  F;  9528;  Cr;  C3. 

Corallorhiza  wisteriana  Conrad  1;  R;  9474;  Cr;  C3. 

Tipularia  discolor  (Pursh)  Nutt.  2;  R;  9527;  Cr;  C3. 

OXALIDACEAE 

Oxalis  stricta  L.  1,  2;  I;  9875;  H;  C3. 

PASSIFLORACEAE 

Passiflora  lutea  L.  var.  glabriflora  Fern.  3,  1,4;  I;  9523,  9893;  H;  C3. 

PHRYMACEAE 

Phryma  leptostachya  L.  1,  2,  3;  F;  9863;  H;  C3. 

PHYTOLACCACEAE 

Phytolacca  americana  L.  3,  1,  4,  2;  F;  9870;  Cr;  C3. 

PLANTAGINACEAE 

Plantago  rugelii  Dene.  2;  R;  9879,  10381;  H;  C3. 

PLATANACEAE 

Platanus  occidentalis  L.  2,  4;  I;  9650;  Ph;  C3. 

POACEAE 

Agrostis  perennans  (Walt.)  Tuckerm.  2,  1;  R;  10245,  10343;  H;  C3. 

Bromus  pubescens  Muhl.  1;  R; -10370;  H;  C3. 

Dichanthelium  acuminatum  (Swartz)  Gould  &  Clark  var.  fasciculatum  (Torr.)  Freckm. 
2;  R;  10297;  H;  C3. 

Dichanthelium  boscii  (Poir.)  Gould  &  Clark  1;  R;  9877;  H;  C3. 

Dichanthelium  clandestinum  (L.)  Gould  2;  I;  10324;  H;  C3. 

*Digitaria  ischaemum  (Schreb.)  Muhl.  2;  R;  10339;  Th;  C4. 

*Digitaria  sanguinalis  (L.)  Scop.  3;  R;  10322;  Th;  C4. 

Echinochloa  muricata  (Beauv.)  Fern.  2;  R;  10338;  Th;  C4. 

Elymus  hystrix  L.  2;  R;  9884;  H;  C3. 

Elymus  villosus  Muhl.  2;  R;  9665;  H;  C3. 

Elymus  virginicus  L.  1,2,  4;  O;  9887;  H;  C3. 

Leersia  virginica  Willd.  2,  1,  3;  F;  10232;  H;  C3. 

Muhlenbergia  sobolifera  (Muhl.)  Trin.  2;  R;  10371;  H;  C4. 

Panicum  dichotomiflorum  L.  2;  R;  10340;  Th;  C4. 

Poa  sylvestris  Gray  1,  4;  R;  10372;  H;  C3. 

*Setaria  faberi  Herrm.  3;  R;  10254;  Th;  C4. 

*Setaria  viridis  (L.)  Beauv.  var.  major  (Gaudin)  Pospichal.  3;  R;  10334;  Th;  C4. 
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*Sorghum  halepense  (L.)  Pers.  3,  4;  R;  10373;  Cr;  C4. 

Sphenopholis  obtusata  (Michx.)  Scribn.  1;  R;  9478;  H;  C3. 

POLEMONIACEAE 

Phlox  divaricata  L.  ssp.  laphamii  (Wood)  Wherry  1,  2;  O;  9505;  Ch;  C3. 

POLYGONACEAE 

*  Polygonum  cespitosum  Blume  var.  longisetum{  DeBruyn)  Stewart  2;  I;  10298;  Th;  C3. 
Polygonum  punctatum  Ell.  2,  3;  I;  9903,  10336;  Th;  C3. 

Polygonum  scandens  L.  1,3,  4;  O;  10326;  H;  C3. 

Polygonum  virginianum  L.  1,2,  3;  F;  10237;  H;  C3. 

PORTULACACEAE 

Claytonia  virginica  L.  1,2;  F;  10374;  Cr;  C3. 

PRIMULACEAE 

Samolus  valerandii  L.  2;  R;  10303;  H;  C3. 

RANUNCULACEAE 

Clematis  virginiana  L.  3;  R;  10321;  H;  C3. 

Hydrastis  canadensis  L.  1,2;  O;  9664;  Cr;  C3. 

Ranunculus  abortivus  L.  2;  R;  9495;  H;  C3. 

Ranunculus  micranthus  Nutt.  2;  R;  9487;  H;  C3. 

Ranunculus  recurvatus  Poir.  1,  2;  I;  9525;  H;  C3. 

ROSACEAE 

Agrimonia  parviflora  Ait.  2;  R;  10300;  H;  C3. 

Agrimonia  rostellata  Wallr.  1,  2;  I;  9898;  H;  C3. 

Geum  canadense  Jacq.  1,  2,  4;  F;  9883;  H;  C3. 

Prunus  serotina  Ehrh.  1,  4,  3,  2;  F;  9652;  Ph;  C3. 

*Rosa  multiflora  Thunb.  4,  2;  I;  9894;  Ph;  C3. 

Rubus  allegheniensis  Porter  4;  I;  10375;  H;  C3. 

Rubus  occidentalis  L.  4;  R;  10376;  H;  C3. 

RUB  I  ACE  AE 

Galium  aparine  L.  1,3,  2,  4;  F;  10377;  Th;  C3. 

Galium  circaezans  Michx.  1,  2;  O;  9640;  H;  C3. 

Galium  triflorum  Michx.  1,  2;  O;  9882;  H;  C3. 

SCROPHULARIACEAE 
Gratiola  neglecta  Torr.  2;  R;  10378;  Th;  C3. 

Scrophularia  marilandica  L.  1,3,  4;  I;  10233;  H;  C3. 

*Verbascum  thapsus  L.  2;  R;  10344;  H;  C3. 

Veronica  peregrina  L.  2;  R;  9490;  Th;  C3. 

SMILACACEAE 

Smilax  glauca  Walt.  1,  3;  I;  9483;  Ph;  C3. 

Smilax  hispida  Muhl.  1,  3,  2,  4;  O;  9502,  10380;  Ph;  C3. 

Smilax  pulverulenta  Michx.  1;  R;  9472;  H;  C3. 

Smilax  rotundifolia  L.  1,3,  4;  O;  9892;  Ph;  C3. 

SOLANACEAE 

Physalis  heterophylla  Nees  3;  R;  9869;  Cr;  C3. 

Physalis  pruinosa  L.  3;  O;  10253;  Th;  C3. 

Solanum  ptycanthum  Dunal  3,  1;  O;  10256;  Th;  C3. 

THELYPTERIDACEAE 

Phegopteris  hexagonoptera  (Michx.)  Fee  1,  2;  I;  9510;  Cr;  C3. 


ULMACEAE 

Celtis  laevigata  Willd.  2,  1,3,  4;  I;  9657;  Ph;  C3. 

Celtis  occidentalis  L.  1,2,  3,  4;  I;  9651;  Ph;  C3. 

Ulmus  americana  L.  2,  1,  3;  I;  9662;  Ph;  C3. 

Ulmus  rubra  Muhl.  1,  2,  3,  4;  A;  9902;  Ph;  C3. 

URTICACEAE 

Boehmeria  cylindrica  (L.)  Swartz  2,  1,3;  I;  9880;  Cr;  C3. 
Parietaria  pensylvanica  Muhl.  1,  2,  3;  I;  9511;  Th;  C3. 

Pilea  pumila  (L.)  Gray  2,  3,  1;  A;  10234;  Th;  C3. 

VERBENACEAE 

Verbena  urticifolia  L.  4;  R;  9899;  H;  C3. 

VIOLACEAE 

Viola  sororia  Willd.  2,  1,  3;  F;  10379;  H;  C3. 

VITACEAE 

Ampelopsis  cordata  Michx.  4;  R;  10306;  Ph;  C3. 

Parthenocissus  quinquefolia  (L.)  Planch.  1,4,  3,  2;  A;  9901;  Ph;  C 
Vitis  aestivalis  Michx.  1,  3,  4,  2;  O;  9891;  Ph;  C3. 

Vitis  vulpina  L.  1,3,  4,  2;  O;  9890;  Ph;  C3. 
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Table  1 .  Distribution  of  growth  forms  at  Weaver's  Woods,  Union  County,  Illinois. 


Growth  Form 

Annual 

Perennial 

C3  Graminoid 

0 

22 

C4  Graminoid 

6 

2 

C3  Forb 

41 

71 

Woody 

64 

Pteridophyte 

9 

Totals 

47 

168 

Table  2.  Species  richness  per  habitat  at  Weaver’s  Woods,  Union  County,  Illinois. 


Habitat 


Frequency 

Distribution 

Dry-Mesic 

Forest 

Mesic 

Forest 

Canopy 

Gap 

Forest 

Edge 

Total 

Abundant 

6 

1 

0 

0 

7  (0) 

Frequent 

29 

4 

1 

0 

34  (0) 

Occasional 

18 

1 

3 

2 

24  (2) 

Infrequent 

30 

22 

4 

10 

66  (8) 

Rare 

26 

35 

13 

10 

83  (14) 

Totals 

109  (1) 

63  (10) 

21  (4) 

22  (9) 

215  (24) 

Table  3.  Summary  of  the  vascular  flora  of  Weaver’s  Woods,  Union  County,  Illinois. 


Species  and  Lesser  Taxa 


Families 

Genera 

Native 

Introduced 

Total 

Pteridophyta 

4 

7 

9 

0 

9 

Coniferophyta 

1 

1 

1 

0 

1 

Anthophyta 

A  Monocotyledoneae 

10 

28 

41 

8 

49 

B.  Dicotyledoneae 

62 

119 

140 

16 

156 

Totals 

77 

155 

191 

24 

215 

Table  4.  Comparison  of  floristic  surveys  of  sites  within  the  Ozark  Hills  (OH)  and  Greater  Shawnee  Hills  (GSH)  Divisions  of  Alexander, 
Jackson,  Randolph,  Union  and  Williamson  counties  (in  parentheses). 
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Table  5.  Comparison  of  family  relationships  of  study  sites  within  the  Ozark  Hills  (OH)  and  Greater  Shawnee  Hills  (GSH)  Divisions  of 
Alexander,  Jackson,  Randolph,  Union  and  Williamson  counties  (in  parentheses).  ASTER  =  Asteraceae,  POA  =  Poaceae, 
FABA  =  Fabaceae,  ROSA  =  Rosaceae,  and  LILI  =  Liliaceae. 
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Table  6.  Comparison  of  genus  relationships  of  study  sites  within  the  Ozark  Hills  (OH)  and  Greater  Shawnee  Hills  (GSH)  Divisions  of 
Alexander,  Jackson,  Randolph,  Union  and  Williamson  counties  (in  parentheses).  Dichan  =  Dichanthelium. 
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Figure  1.  Location  of  Weaver’s  Woods,  Union  County,  Illinois. 


Transactions  of  the  Illinois  State  Academy  of  Science 
(1997),  Volume  90,  1  and  2,  pp.  21-28 


received  3/5/96 
accepted  6/19/96 


Forest  Cover  of  Champaign  County, 

Illinois  in  1993 


Jesus  Danilo  Chinea 

Department  of  Natural  Resources  &  Environmental  Sciences 

University  of  Illinois 
W-503  Turner  Hall 
1 102  S.  Goodwin  Ave. 

Urbana,  IL  61801 


Louis  R.  Iverson 
USDA  Forest  Service 
359  Main  Road 
Delaware,  OH  43015 


ABSTRACT 

The  forest  cover  of  Champaign  County,  in  east-central  Illinois,  was  mapped  from 
1993  aerial  photography  and  entered  in  a  geographical  information  system  database. 
One  hundred  and  six  forest  patches  cover  3,380  ha.  These  patches  have  a  mean  area 
of  32  ha,  a  mean  perimeter  of  4,851  m,  a  mean  perimeter  to  area  ratio  of  237,  a 
fractal  dimension  of  1.59,  and  a  mean  nearest  neighbor  distance  of  620  m.  However, 
only  480  ha  can  be  considered  interior  forest.  These  results  are  compared  with  results 
of  previous  landscape  level  studies  of  Illinois,  and  the  implications  of  these  results 
for  conservation  and  management  of  this  landscape  are  discussed. 

INTRODUCTION 

Land  cover  in  central  Illinois  has  changed  substantially  from  a  landscape  dominated 
by  prairies  with  some  forest  to  a  landscape  dominated  by  agriculture  with  a  sparse 
forest  distribution  and  almost  no  prairies  (Iverson,  1988;  Iverson  et  al.,  1989).  Forest 
cover  of  Champaign  county  has  been  mapped  for  several  periods  during  the  last  175 
years.  Using  the  General  Land  Office’s  original  township  vegetation  maps,  Anderson 
(1970)  produced  a  map  of  the  prairies  and  forests  of  Illinois.  Similar  earlier  attempts 
by  Gerhard  (1857  in  Barrows,  1910)  and  Vestal  (1931)  were  less  accurate  than 
Anderson’s.  Attempts  at  mapping  the  forest  cover  during  this  century  include  those  of 
Telford  (1926)  and  Iverson  et  al.  (1989;  using  1980  data  from  the  U.S.  Geological 
Survey).  In  1948,  1962  and  1985,  the  USDA  Forest  Service  statistically  sampled  and 
inventoried  the  forests  of  the  state  but  only  county-level  maps  were  possible  from 
these  data  (US  Forest  Service,  1949;  Essex  and  Gansner,  1965;  Hahn,  1987).  No 
more  forest  cover  maps  for  Champaign  county  have  been  published  with  data 
obtained  after  1980,  and  no  forest  inventories  have  been  published  after  1987. 
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This  study  describes  the  current  forest  distribution  of  Champaign  county  and 
compares  it  with  the  pre-settlement  and  the  1980  forest  distribution. 

STUDY  AREA 

Champaign  county  covers  an  area  of  nearly  259,000  hectares  of  essentially  flat 
terrain  resulting  from  the  deposition  of  glacial  material  during  the  retreat  of  the 
Wisconsin  glacier.  The  topography  ranges  in  elevation  between  192  to  262  meters 
above  sea  level.  Five  major  rivers  drain  the  county:  Salt  Fork,  Sangamon, 
Kaskaskia,  Vermilion,  and  Embarras  Rivers.  Most  of  the  county  belongs  in  the  Grand 
Prairie  Division  of  Illinois  with  some  minor  intrusions  of  the  Ozark  Division  along 
two  tributaries  of  the  Vermilion  River  draining  to  the  east  (Schwegman,  1975). 

The  county  was  settled  by  European  Americans  beginning  in  the  1830’s.  Initially, 
forest  areas  were  preferred  for  agriculture  due  to  the  lack  of  adequate  machinery  to 
plow  the  prairie  soils.  After  the  expansion  of  railroad  lines  in  the  mid  1800’s  the 
value  of  forests  plummeted  due  to  reduced  transportation  costs,  and  more  forest  lands 
were  converted  to  agriculture  (Iverson  et  al.,  1989).  Therefore,  forest  cover  was 
reduced  from  about  6.3%  of  the  county  (-16,100  ha)  in  the  1830’s  to  about  1%  in  the 
1920’s  (Iverson  et  al.,  1989).  The  most  recent  forest  survey  of  the  county  estimated 
the  forest  cover  at  1.4%,  or  about  3,600  ha  (Hahn,  1987). 

METHODS 


GIS  database 

Forest  cover  was  delineated  from  1993  black  and  white  aerial  photos  at  a  scale  of 
1:40,000.  Boundaries  of  forest  patches  (i.e.,  patches  with  more  than  50%  tree  cover 
and  excluding  forest  present  within  urban  areas)  were  traced  on  acetate 
transparencies  with  a  0.5  mm  point  felt  pen.  At  least  9  reference  points,  also  visible 
in  the  corresponding  USGS  topographic  quadrangles,  were  also  drawn  on  the 
transparencies.  These  transparencies  were  then  scanned  with  a  flatbed  scanner  at  a 
resolution  of  40  dots  per  centimeter  and  the  resulting  digitized  images  were 
converted  to  the  format  of  a  commercial  raster-based  GIS  software.  These  files  were 
then  registered  and  placed  into  a  mosaic  at  a  pixel  size  of  10  x  10  meters  and 
georeferenced  to  the  Universal  Transverse  Mercator  coordinate  reference  system.  A 
second  order  polynomial  transformation  was  used  to  rectify  the  images;  in  no  case 
was  the  RMS  error  larger  than  1  pixel  (RMS  is  a  measure  of  the  difference  between 
the  true  coordinates  of  a  pixel  and  the  resulting  coordinates  after  transformation  of 
geographical  positions;  equivalent  to  one  standard  deviation). 

Analysis 

Total  forest  area  was  determined  from  the  digitized  map  by  summing  the  areas  of  all 
forest  patches  (i.e.,  any  aggregation  of  forest  pixels  larger  than  1  ha).  The  number, 
area  (in  ha),  and  perimeter  (in  m)  of  the  forest  patches  at  least  one  hectare  in  size 
were  also  determined.  The  perimeter  to  area  ratio  (m/ha)  and  the  fractal  dimension 
(i.e.,  twice  the  slope  of  the  regression  of  the  log  perimeter  on  the  log  area  of  the 
patches)  were  calculated  to  describe  the  shape  of  the  forest  patches.  The  fractal 
dimension  is  a  measure  of  patch  shape  with  values  ranging  from  1,  for  a  circular  or 
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square  patch,  to  2  for  a  very  complex  shaped  patch  (McGarigal  and  Marks,  1995). 
Finally,  the  interior  forest  area  of  the  county  (i.e.,  forest  inside  the  first  100  meters 
from  the  patch  edges)  was  calculated  by  adding  the  areas  in  forest  after  trimming  the 
forest  patches  of  their  100  meter  borders.  This  digital  map  was  subsequently 
resampled  to  a  pixel  size  of  20  x  20  meters  to  determine  the  distance  to  edge  of 
nearest  neighbor  forest  patches. 

A  comparison  of  the  1993  forest  cover  map  with  a  map  of  pre-settlement  (1820) 
forest  cover  was  also  made.  Due  to  different  mapping  criteria  and  procedures,  these 
maps  are  presented  only  for  visual  comparisons  and  no  statistical  comparisons  were 
attempted. 


RESULTS  &  DISCUSSION 

The  forest  area  in  the  county  totaled  3,380  ha,  which  corresponds  to  1.3%  of  the 
county.  This  value  is  very  close  to  the  most  recent  USDA  Forest  Service  estimate 
(1.4%;  Hahn,  1987).  However,  only  14%  of  this  forest  area  qualifies  as  interior  forest 
(i.e.,  480  ha).  This  low  percentage  of  interior  forest  is  a  consequence  of  the  many 
small  patches,  as  well  as  the  narrow  shape  of  most  of  the  larger  patches  present  in 
this  county  (Fig.  1). 

A  total  of  106  forest  patches  satisfied  the  size  criteria  (i.e.,  at  least  1  ha;  Figure  1). 
Their  mean  patch  size  was  32  ha  (median  =  8  ha,  range  1  ha  -  630  ha),  their  mean 
perimeter  was  4,851  meters  (median  =  1,640  m,  range  440  m  to  75,500  m),  and  the 
mean  perimeter  to  area  ratio  of  237  (median  =  226,  range  80  to  471).  The  size 
distribution  of  these  patches  was  highly  skewed  to  the  small  sizes  (Figure  2).  More 
than  half  of  the  patches  were  smaller  than  8  hectares,  accounting  for  only  7%  of  the 
county’s  forested  area,  while  the  6  largest  patches  accounted  for  60%  of  the  total 
forest  land.  The  fractal  dimension  of  these  106  patches  is  1.59,  as  compared  to  1.33 
for  forests  of  the  central  Illinois  quadrangle  from  U.S.  Geological  Survey  data 
(Iverson,  1988).  This  value  suggests  a  more  complex  patch  shape  than  in  Iverson’s 
study.  However,  Anderson  et  al.  (1971)  mapped  the  U.S.  Geological  Survey  data  at  a 
scale  of  1:250,000  and  a  minimum  resolution  of  16  ha  for  forests,  so  their  map  would 
be  more  generalized  than  the  results  presented  here  and  the  differences  in  fractal 
dimension  are  not  strictly  comparable. 

The  mean  nearest  neighbor  distance  between  forest  patch  edges  is  620  meters 
(median  =  240  m,  range  20  -  6,807  m,  N=104  at  pixel  size  of  20  m).  Although  these 
are  not  large  distances,  they  would  certainly  discourage  the  movement  of  species 
between  forest  patches.  Several  studies  have  indicated  that  forest  species  may 
become  isolated  from  other  forest  patches  by  distances  as  short  as  100  m  or  less 
(Bierregaard  et  al.  1992).  In  this  case,  forest  patch  isolation  may  especially  affect 
the  interior  forest  species  movements  considering  that  the  mean  nearest  neighbor 
distance  for  the  interior  areas  was  1,431  meters.  On  the  other  hand,  the  relatively  low 
average  patch  distance  may  enhance  the  establishment  of  programs  aimed  at 
reducing  fragmentation  effects,  because  it  indicates  the  feasibility  of  collapsing 
close  patches  to  increase  interior  forest  area. 
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The  spatial  distribution  of  patches  in  1993  matches  closely  the  distribution  of  the 
patches  in  pre-settlement  times  (Fig.  1).  Almost  all  of  the  1993  forest  patches  are 
clumped  along  the  banks  of  the  major  streams  of  the  county  and  are  located  within 
the  extent  of  the  pre-settlement  forest  patches  (Fig.  1).  This  distribution  matches  well 
the  distribution  of  1980  forest  patches,  but  contrasts  to  some  extent  with  the 
distribution  of  1820  forest  patches  illustrated  by  the  statewide  map  of  Iverson  and 
Joselyn  (1990).  Their  map,  an  overlay  of  1820  forests  from  Anderson  (1970)  and  1980 
forests  from  the  U.S.  Geological  Survey  data  following  Anderson  et  al.  (1971), 
suggests  that  a  relatively  large  portion  of  the  1980  forest  cover  in  Champaign  county 
occurs  on  sites  that  were  not  forested  in  1820.  This  discrepancy  in  maps  likely  results 
from  the  coarse  resolution  and  spatial  inaccuracies  of  the  1820  data  presented  in 
Iverson  and  Joselyn  (1990).  The  1820  data  were  compiled  by  Anderson  (1970),  and 
reproduced  by  Iverson  and  Joselyn  (1990)  at  scales  which  are  informative  at  the 
statewide  level  but  which  make  localized  comparisons  difficult. 

The  county's  pre-European  settlement  vegetation  was  earlier  digitized  from  original 
General  Land  Office  plat  maps  at  a  scale  of  1:42,200,  and  published  in  McKnight 
(1986).  This  map,  reproduced  in  Figure  1,  shows  a  much  better  correspondence 
between  historic  and  current  forests.  However,  these  two  mapped  distributions  differ 
considerably  in  the  methodology  for  generating  them  (field  mapping  by  the  GLO 
surveyors  vs  photointerpretations  in  this  study),  as  well  as  in  their  resolution. 
Therefore,  Figure  1  should  be  considered  only  as  a  rough  graphic  comparison  of  the 
two  distributions. 

The  forest  cover  of  Champaign  county  was  low  at  the  time  of  European  settlement  in 
the  early  1800’s.  In  these  times,  most  of  the  forest  of  this  area  grew  along  the  major 
rivers,  except  for  a  few  isolated  groves  on  the  uplands  (Boggess  1963).  This  spatial 
distribution  may  be  the  result  of  protection  of  trees  by  rivers,  especially  on  the 
leeward  side  of  rivers  and  in  the  wedge  surrounded  by  two  forks,  which  prevented 
fires  from  invading  as  frequently  (Gleason,  1913).  In  post-settlement  times,  other 
factors  probably  account  for  the  present  forest  distribution  due  to  the  absence  of  fires 
for  more  than  a  century  and  the  dominance  of  human  activities  on  the  landscape. 
For  example,  the  cities  of  Champaign-Urbana  can  be  thought  of  as  a  "forest  island" 
in  a  "sea  of  agriculture",  as  it  has  been  determined  that  within  the  city  limits,  there 
is  4%  forest  and  another  22%  of  the  land  classed  as  residential  with  trees  (Cook  and 
Iverson  1991). 

We  suggest  that  the  qualitative  similarity  in  spatial  location  between  the  forest 
patches  of  today  and  those  of  pre-settlement  times  is  the  result  of  a  complex  of 
natural  and  socioeconomic  factors.  Primarily  the  forests  remaining  today  are  a  result 
of  them  being  generally  less  suitable  for  agriculture;  they  may  be  excessively  wet  or 
excessively  erosive  in  the  sloping  lands  next  to  streams.  It  is  also  likely  that  forest 
regenerated  close  to  their  former  locations  due  to  persistence  of  a  soil  seed  bank 
and/or  relict  trees  in  these  locations.  However,  some  of  these  areas  may  remain  in  a 
forested  condition  primarily  because  of  government  set-aside  programs.  With  the 
current  uncertainty  about  national  support  for  these  set-aside  programs,  some  of  the 
forest  cover  of  this  county  is  vulnerable  to  clearing  in  the  coming  years.  This  would 
be  an  unfortunate  scenario  considering  the  already  inadequate  landscape 
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configuration  of  the  present  forest  patches.  Further  fragmentation  would  be  most 
evident  in  terms  of  a  further  reduction  of  interior  forest  and  the  potential  negative 
impact  this  would  have  on  already  declining  abundances  of  neotropical  avian 
migrants  (Iverson  and  Schwartz  1994,  Robinson  et  al.  1995).  On  the  other  hand,  as 
mentioned  previously,  there  is  opportunity  to  form  reasonably  sized  corridors  and 
larger  patches  by  enlarging  smaller  patches  that  are  in  close  proximity,  thus  reducing 
the  negative  impacts  of  forest  fragmentation  on  the  biota  (e.g.,  neotropical  migrant 
songbirds;  Robinson  et  al.  1993,  Brawn  and  Robinson  1996).  We  suggest  that 
government  agencies  and  other  landowners  take  the  present  and  potential  future 
landscape  distribution  of  the  forests  of  this  county  into  account  when  developing 
programs  to  maintain  an  ecologically  adequate  forest  patch  configuration. 
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Figure  1.  Forest  cover  of  Champaign  County.  Black  patches  illustrate  the  1993 
forest  cover.  Thick  lines  indicate  the  pre-settlement  forest  distribution 
(redrawn  from  McKnight,  1986).  The  thin  lines  represent  streams. 


28 


Figure  2.  Size  distribution  of  the  1993  forest  patches  of  Champaign  County;  (a)  all 
patches,  (b)  expanded  view  of  the  first  two  size  classes  in  (a). 
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ABSTRACT 

Glycosphingolipids  (cerebrosides  and  gangliosides),  which  are  involved  in  cell 
receptor  functions  and  cell-cell  recognition,  may  play  an  important  role  in  the 
selection  of  the  blastocyst  implantation  site.  Therefore  isolation  and  characterization 
of  glycosphingolipids  from  uterine  tissue  is  of  interest.  Uteri  from  estrous,  day-6- 
pregnant  and  day-6-pseudopregnant  rabbits  were  examined.  Total  lipids  from  uterine 
epithelial  scrapings  were  extracted  by  the  method  of  Bligh  and  Dyer  (1959).  The 
glycosphingolipids  were  obtained  following  saponification  of  the  total  extract  and 
thin  layer  chromatography.  The  glycosphingolipids  were  identified  using  lipid 
specific  reagents,  relative  to  TLC  migration  of  authentic  standards,  and  quantified 
using  densitometry.  The  uterine  epithelial  scrapings  of  day-6-pregnant  and  day-6- 
pseudopregnant  tissues  contained  a  greater  concentration  of  cerebrosides  and 
gangliosides  than  scrapings  from  estrous  rabbits.  The  gangliosides  were  10  to  20- fold 
higher  concentrations  than  cerebrosides.  Of  the  four  gangliosides  isolated,  the  ratios 
varied  with  reproductive  state  studied.  Ganglioside  1  was  a  lower  concentration  in 
day-6-pseudopregnant  tissue  while  ganglioside  2  was  lowest  in  day-6-pregnant  and 
gangliosides  3  and  4  were  lowest  from  estrous  tissue.  These  results  indicate  that 
amounts  of  glycosphingolipids  do  vary  with  respect  to  the  reproductive  state  of  the 
rabbit. 

Key  Words:  gangliosides,  cerebrosides,  uterus 
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INTRODUCTION 

Reproduction  is  a  complex  process.  During  the  peri-implantation  period  an 
interaction  between  embryonic  and  maternal  tissue  must  be  established  and 
maintained  for  pregnancy  to  be  successful  (Newton  et  al.,  1988).  This  interaction 
between  the  blastocyst  and  the  uterus  is  believed  to  be  controlled  by  hormones  over 
long  range  distances  or  distances  greater  than  one  to  two  cells.  However, 
communication  over  short  distances  (cell  to  cell)  is  believed  to  be  controlled  by  a 
not  well  understood  association  of  the  blastocyst  with  the  epithelial  surface  of  the 
endometrium  (Surani,  1977).  Blastocyst  implantation  is  considered  to  be  a  short 
range  cell-cell  recognition  interaction.  Therefore  molecules,  including 
glycoconjugates  such  as  glycosphingolipids  and  glycoproteins,  which  are  located  at 
the  maternal-embryo  interface,  may  play  a  role  in  establishing  pregnancy.  While  a 
number  of  researchers  have  chosen  to  study  the  role  of  glycoproteins  in  implantation, 
glycosphingolipids  have  been  largely  ignored.  Therefore,  this  research  has  involved 
isolation  and  characterization  of  the  two  major  types  of  glycosphingolipids, 
(glycolipids)  cerebrosides  and  gangliosides.  A  cerebroside  is  a  sphingosine 
derivative  where  the  carbohydrate  residue  is  galactose  or  glucose.  A  ganglioside  is  a 
sphingosine  derivative  where  there  are  multiple  carbohydrate  residues  which  usually 
include  a  sialic  acid. 

Glycosphingolipids  are  important  cell  membrane  components,  present  primarily  on 
the  outer  surface  of  the  plasma  membrane  (Lehninger,  1982).  The  high 
glycosphingolipid  content  on  the  outer  bilayer  suggests  two  possibilities: 
glycosphingolipids  contribute  to  the  structural  rigidity  of  the  membrane  surface 
and/or  glycosphingolipids  are  well  suited  to  interact  with  exogenous  ligands  through 
their  carbohydrate  moieties  (Hakomori,  1981).  These  molecules  are  believed  to 
affect  a  variety  of  cell  functions  including  cell  recognition  and  cell  receptor 
functions  (Kanfer,  1983).  A  change  in  glycolipids  has  been  associated  with  cellular 
interactions  and  differentiation,  and  cell  contact  enhances  glycolipid  synthesis 
(Hakomori,  1981). 

Glycoconjugates  have  been  identified  as  being  present  on  a  number  of  reproductive 
structures.  Previous  studies,  using  carbohydrate  specific  dyes,  have  revealed  rapid, 
stage-specific  changes  in  the  surface  glycoconjugates  of  uterine  epithelium 
(Schlafke  and  Enders,  1975;  Sherman  and  Wudl,  1976;  Hewitt  et  al.,  1979;  Chavez 
and  Enders,  1981;  Chavez  and  Anderson,  1985).  These  studies  are  limited  in  that 
they  failed  to  quantitate  and  identify  chemically  the  molecular  species  of  the 
glycoconjugates  involved  and  to  distinguish  between  glycolipids  and  glycoproteins. 
A  more  recent  study  by  Zhu  et  al.  (1990)  focused  specifically  on  glycosphingolipids 
and  showed  that  these  lipids  were  present  in  human  uterine  tissues.  They  also 
demonstrated  that  the  relative  proportions  of  glycolipids  changed  during  the 
menstrual  cycle,  pregnancy,  and  aging.  This  study  did  not  specifically  focus  on  the 
peri-implantation  period.  Therefore,  the  purpose  of  the  current  study  was  to  isolate 
and  quantify  the  glycosphingolipids  present  in  rabbit  uteri  and  compare  the  types  and 
relative  concentrations  of  glycolipids  found  at  estrus,  and  day-6  of  pregnancy  and 
pseudopregnancy.  As  these  studies  were  in  progress,  Zhu  et  al.  (1992)  published 
observations  on  glycosphingolipids  of  rabbit  endometrium  during  pregnancy.  They 
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used  a  different  lipid  extraction  procedure,  a  different  isolation  procedure,  and  a 
different  thin  layer  chromatographic  system  to  evaluate  their  extracts.  The  work  by 
Zhu  et  al.  (1992)  is  very  interesting  since  they  demonstrate  that  there  was  a  70% 
decrease  in  ganglioside  content  during  early  pregnancy  (day-6)  and  a  2.5-fold 
increase  in  neutral  glycolipid  during  later  pregnancy  (day-26).  They  did  not, 
however,  evaluate  pseudopregnant  rabbits.  The  studies  using  pseudopregnant  tissue 
can  give  some  insight  into  the  maternal  and  embryo  control  of  uterine  surface 
changes  which  occur  during  peri-implantation. 

MATERIALS  AND  METHODS 


Materials 

New  Zealand  White-Cambridge  rabbits  (body  weight  greater  than  3.0  kg)  were 
obtained  from  Penn  Acres,  Wimberly,  Texas.  Porcine  follicle  stimulating  hormone 
(FSH),  human  chorionic  gonadotropin  (hCG),  bovine  serum  albumin  (Fraction  V), 
standard  gangliosides  (Type  IV),  standard  galactocerebrosides  (Type  IV),  cholesterol 
standard  (tic  grade),  resorcinol,  molybdenum  blue  reagent,  and  diphenylamine  were 
purchased  from  Sigma  Chemical  Company  (St.  Louis,  MO).  High  performance  thin 
layer  chromatography  (hptlc)  plates  (silica  gel  60,  0.2mm,  10  cm  x  10  cm)  were 
purchased  from  Alltech  (Deerfield,  IL.)  and  Redi-prep  thin  layer  chromatography 
(tic)  plates  (Silica  Gel  G)  were  obtained  from  Fisher  Scientific  Company  (Pittsburg, 
PA).  Dimethylaminobenzaldehyde  was  obtained  from  Aldrich  Chemical  Company, 
Inc.  (Milwaukee,  WI).  The  Image  Analyzer  Spectrophotometer  was  obtained  from 
Sun  Microsystems,  Inc.  (Mountain  View,  CA)  and  programs  for  the  Image  Analyzer 
Computer  were  obtained  from  Bio  Image  Corporation  (Ann  Arbor,  MI). 

Methods 

Mature,  female  rabbits  were  caged  individually  in  a  controlled  environment  with  a 
14  hour  light:  10  hour  dark  cycle.  They  were  fed  170  g  of  rabbit  chow  daily  and 
provided  with  fresh  water  ad  libitum.  The  rabbits  were  sacrificed  by  an  intravenous 
overdose  of  sodium  pentobarbital.  The  uterine  tissues  were  rapidly  removed,  flushed 
with  Tyrode's  buffer  (Jones  and  Harper,  1984)  and  frozen.  Tissues  were  stored  at  - 
80°C  until  used.  Estrous  rabbits  were  injected  with  0.5  IU  of  FSH,  subcutaneously, 
twice  a  day  for  three  days  (Mukherjee  et  al.,  1978).  On  day  0  they  were  artificially 
inseminated  with  sperm  from  fertile  bucks.  After  insemination,  the  animals  were 
then  injected  IV  with  100  IU  of  hCG.  For  pseudopregnant  rabbits  only  the  injections 
of  FSH  and  hCG  were  given.  Rabbits  were  sacrificed  at  144  hours  post  hCG 
injection  (day-6). 

Glvcosphingolipid  Isolation:  Each  uterus  was  thawed  on  ice  and  a  wet  weight 
determined.  The  uterus  was  then  cut  open  along  the  mesometrial  line  and  the 
endometrial  lining  was  scraped  with  a  stainless  steel  spatula  and  transferred  to  a 
chilled  polypropylene  tube.  The  wet  weight  of  the  scraping  was  obtained  before  the 
material  was  lyophilized  for  24  hours  then  re-weighed.  Nine  ml  of  ice-cold  saline 
(0.9%  NaCl,  wt/v)  were  added  to  the  dry  tissue  scraping  and  this  was  homogenized, 
for  one  30  second  period,  using  an  OMNI  International  1000  polytron  at  high  setting. 
The  homogenate  was  then  extracted  twice  for  total  lipids  by  the  method  of  Bligh  and 
Dyer  (1959).  The  chloroform  from  both  extracts  was  pooled,  dried  under  nitrogen  and 
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then  resuspended  in  1  ml  of  chloroform:methanol  (1:1).  To  evaluate  the 
completeness  of  this  extraction,  tic  was  done  with  the  methanol/water  phase.  No 
glycolipids  were  detected  in  this  fraction. 

High  Performance  Thin  Laver  Chromatography  (hptlc):  Extracted  lipids  were 
evaluated,  relative  to  authentic  standards  (gangliosides,  galactocerebrosides, 
cholesterol,  sphingomyelin,  phosphatidylcholine,  and  palmitic  acid)  by  hptlc  using 
several  solvent  systems.  Chloroform/methanol/water  (65:25:4)  was  selected  as  the 
solvent  of  choice  since  lipids  extracted  from  the  tissues  had  comparable  Rf  values 
with  the  standards  and  resulted  in  a  good  separation  of  the  various  lipids.  To  identify 
the  lipids  separated  by  hptlc  several  reagent  sprays  were  used.  These  reagents  were 
sprayed  onto  the  developed  places  using  an  all-glass  atomizer  operating  off  a 
compressed  air  line.  A  solution  of  5%  sulfuric  acid  in  ethanol  (v/v)  was  used  as  a 
general  detection  reagent  for  carbon  containing  compounds.  After  spraying,  the 
plates  were  gently  heated  using  a  hot  plate  so  that  the  carbon  containing  molecules 
charred  and  appear  as  black  spots  (Kates,  1988).  Other  reagents  used  were  4- 
dimethylaminobenzaldehyde-HCl  for  gangliosides  and  other  lipids  with  sialic  acid 
(Mehlitz  et  al.,  1963),  diphenylamine  for  glycolipids  (Jatzkewitz  and  Mehl,  1960), 
resorcinol  for  gangliosides  (Miettinen  and  Takki-Luukainen,  1959),  and  molybdenum 
blue  (Dittmer  and  Lester,  1964)  for  detection  of  phospholipids.  The  molybdenum 
blue  reagent  clearly  indicated  that  the  lipid  extract  contained  substantial  amounts  of 
phospholipids  which  were  masking  some  of  the  gangliosides.  A  saponification 
reaction  was  therefore  done  by  heating  the  lipid  extract  at  37°C  in  methanolic  KOH 
(0.1M  KOH  in  methanol,  freshly  prepared)  for  30  min  then  extracting  with  chloroform 
(Kates,  1988).  Glycosphingolipids  are  stable  to  this  treatment  and  therefore  are 
found  in  the  chloroform  layer.  After  saponification,  separation  of  the  cerebrosides 
and  gangliosides  was  done  using  Silica  gel  G  Redi-Prep  tic  plates  (fig  1).  After 
chromatography  using  chloroform/methanol/water  (65:25:4)  the  positions  of  the 
cerebroside  and  ganglioside  standards  were  marked.  Those  sections  of  the  plate 
containing  the  lipid  extracts  were  then  scraped  and  re-extracted  with  the  same 
solvent  system.  The  extracts  were  filtered  using  a  ground  glass  funnel  to  remove  the 
silica  and  the  sample  was  collected  and  the  solvent  evaporated  under  nitrogen  gas; 
the  samples  were  stored  at  -80°C  until  assayed  for  glycosphingolipids. 

Determination  of  Protein:  Protein  content  per  uterine  tissue  scraping  was  evaluated 
by  the  method  of  Lowry  et  al.,  1951  using  bovine  serum  albumin  as  standard. 

Determination  of  Glvcospingolipid:  Glycosphingolipid  content  per  uterine  tissue 
scraping  was  evaluated  using  a  Sun  Image  Analyzer  (densitometer).  After  treating 
the  hptlc  plates  with  the  5%  sulfuric  acid/ethanol  spray  and  heating,  the  spots  were 
evaluated  by  integrating  the  area  of  the  curve  generated  spectrophotometrically. 
Authentic  standards  of  known  concentrations  were  also  evaluated  with  this  procedure. 

Statistical  Analysis:  Statistics  were  performed  using  linear  regression  and  analysis 
of  Variance  (ANOVA)  followed  by  Fisher's  Least  Significant  Difference  (LSD)  post 
test  as  applicable  to  determine  significance  between  reproductive  states.  Data  are 
reported  as  mean  +  SD  for  4  rabbits  per  group  and  considered  to  be  significantly 
different  at  p  <  0.05. 


33 


RESULTS 

The  mean  ±  SD  of  uterine  weights,  normalized  wet  endometrial  scraped  weights, 
normalized  dry  weights  and  protein  are  presented  in  Table  1. 


Table  1.  Uterine,  endometrial  scraping,  and  protein  weights  (mean  +  SD). 


REPRODUCTIVE 

STAGE 

UTERINE 
WEIGHT(g) 
OF  TISSUE 

USED 

mg  WET 
ENDOMETRIAL 

SCRAPING  / 
g  TISSUE 

mg  DRY 
ENDOMETRIAL 

SCRAPING  / 
g  TISSUE 

mg 

PROTEIN 

PERg 

WET 

TISSUE 

Day-6- 

Pregnant 

4.4  ±  1.1a 

168.0  ±  22. Id 

31.0  +  4.4g 

15.3  ±  2.5j 

Day-6- 

Pseudo- 

pregnant 

2.9  ±  0.4b 

88.9  ±  61. 7e 

18.9  +  12.3h 

11.8  ±  7.9j 

Estrus 

1.5±  0.4c 

25.8  +  8.3f 

4.7  ±  1.7i 

3.2  ±  0.8k 

Values  with  the  same  letter  are  not  significantly  different  at  p  <  0.05  (ANOVA, 
followed  by  Fisher's  LSD) 


As  shown,  the  amounts  of  tissue  available  for  these  studies  varied  between  the 
reproductive  states  used.  Therefore,  data  have  been  normalized  per  g  of  tissue 
weight  to  adjust  for  these  differences.  The  pregnant  tissue  exhibited  the  highest 
amount  of  endometrial  scraping  per  g  of  tissue  followed  by  day-6-pseudopregnant  and 
then  by  estrous  samples  which  were  significantly  lower  than  the  other  two  groups. 
The  amount  of  the  estrous  scraping  was  approximately  six-fold  less  than  the  pregnant 
material  and  three-fold  less  than  the  pseudopregnant  material.  The  same  trend  was 
observed  when  data  were  normalized  on  a  tissue  dry  weight  basis.  In  addition,  both 
the  day-6-pregnant  and  day-6-pseudopregnant  tissue  scrapings  contained 
approximately  5-fold  more  protein  than  estrous  tissue  scrapings.  This  was  expected 
as  a  result  of  the  increase  in  uterine  tissue  size  in  preparation  of  a  receptive  state 
(Psychoyos,  1973;  Finn  and  Marti,  1974).  These  data  clearly  show  differences  in 
total  mass  between  the  reproductive  stages  monitored  and  are  not,  therefore,  simply 
due  to  differences  in  the  wet  weights  of  the  starting  tissues.  It  is  of  interest  to  note 
that  although  the  day-6-pregnant  and  day-6-pseudopregnant  scrapings  had 
significantly  different  values  of  mg  wet  or  dry  endometrial  scrapings  per  g  tissue,  the 
mg  of  protein  per  g  of  tissue  was  not  significantly  different.  This  suggests  that  the 
presence  of  the  embryo  affects  other  classes  of  biological  polymers  than  proteins  in 
the  uterine  endometrial  layer. 

Using  tic,  two  major  cerebrosides  and  four  gangliosides  were  detected  in  each 
reproductive  stage  tissue  and  normalized  glycosphingolipid  content  is  reported  in 
Table  2. 
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Table  2.  Normalized  glycosphingolipid  content  (mean  +  SD). 


REPRODUCTIVE 

ug  CEREBROSIDE  PER 

ug  GANGLIOSIDE  PER 

STAGE 

g  WET  WT  TISSUE 

g  WET  WT  TISSUE 

Day-6-Pregnant 

66  ±  11a 

998  ±  245c 

Day-6-Pseudo- 

80  ±  50a 

650  ±  427c 

pregnant 

Estrus 

12  ±  8b 

223  +65d 

Values  with  the  same  letter  are  not  significantly  different  at  p  <  0.05  (ANOVA 
followed  by  Fisher's  LSD). 


To  calculate  these  values,  each  glycosphingolipid  mass,  determined  from  Image 
analyzer  data  collected  from  tic,  was  divided  by  the  appropriate  tissue  weight.  The 
mass  of  the  cerebrosides  was  detected  by  comparing  the  absorbance  values  of 
standard  concentrations  (0.1  to  100  ug)  with  those  of  the  unknowns.  Overall,  the 
hormonally  stimulated  tissue  scrapings  exhibited  approximately  6-fold  more 
cerebrosides  and  approximately  4-fold  more  gangliosides  than  estrous  scrapings. 
These  increases  in  glycosphingolipid  content  between  estrus  and  day-6  after 
ovulation  were  significant.  Since  the  tissue  sizes  increase  only  two  to  three  fold, 
these  increases  in  cerebrosides  reflect  in  vivo  increases.  There  were  two  major 
neutral  glycosphingolipids  (cerebrosides)  detected  in  the  endometrial  epithelial 
scrapings.  The  apparent  types  of  the  cerebrosides  did  not  change  as  a  result  of  the 
reproductive  state.  This  corresponds  with  the  findings  of  Zhu  et  al.  (1990)  who 
identified  the  major  cerebrosides  of  both  human  myometrium  and  endometrium  as 
GB3  and  GB4  using  high  performance  tic.  Their  report  is  one  of  the  few  studies  that 
has  looked  specifically  at  glycosphingolipids  in  reproductive  tissues.  However,  they 
did  not  evaluate  the  peri-implantation  period.  They  did  not  observe  any  changes  in 
cerebroside  concentrations  during  the  human  menstrual  cycle,  pregnancy,  or  aging. 
Zhu  et  al.  (1992)  did  report  changes  in  neutral  glycolipid  content  as  evaluated  by 
sphingosine  content  in  early  pregnancy  (day-6)  in  rabbit.  Since  Zhu  et  al.  (1990; 
1992)  did  not  include  Rf  values,  it  is  difficult  to  determine  if  these  cerebrosides  are 
the  same  as  reported  here.  The  tic  migration  relative  to  each  other,  however, 
appears  to  be  the  same.  There  were  four  main  gangliosides  detectable  with  specific 
reagents  in  the  lipid  extracts  of  the  endometrial  tissue  scrapings.  The  total  mass  of 
gangliosides  was  detected  by  comparing  the  absorbance  values  of  standard 
concentrations  (0.1  to  100  ug)  with  those  of  the  unknowns.  Since  glycosphingolipids 
are  metabolically  expensive  for  cells  to  synthesize  (Elbein,  1987),  these  lipids  must 
have  some  important  biological  roles  in  the  endometrium  of  the  rabbit  uterus. 

Comparisons  of  glycosphingolipid  ratios  within  the  same  uterine  scrapings  are  shown 
in  Table  3.  These  data  were  obtained  by  dividing  the  total  cerebroside  weight  per 
scraping  into  the  total  ganglioside  weight  per  scraping. 
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Table  3.  Glycosphingolipid  ratios  (mean  ±  SD). 


REPRODUCTIVE 

GANGLIOSIDE 

GANGLIO- 

GANGLIO- 

GANGLIO- 

STAGE 

PER 

SIDE  1  PER 

SIDE  2  PER 

SIDE  3+4 

CEREBROSIDE 

TOTAL 

TOTAL 

PER  TOTAL 

GANGLIO-SIDES 

GANGLIO- 

GANGLIO- 

SIDES 

SIDES 

Day-6- 

Pregnant 

15  ±  13a 

0.48  ±  0.15b 

0.28  ±0.1  Id 

0.24  ±  0.06f 

Day-6- 

Pseudo- 

14  +  14a 

0.19  +  0.18c 

0.48  ±  0.04e 

0.32  +  0.14f 

pregnant 

Estrus 

21  ±  50a 

0.46  ±  0.02b 

0.48  ±  O.Ole 

0.05  ±  0.03g 

All  values  are  in  ug  units 

Values  with  the  same  letter  are  not  significantly  different  at  p  <  0.05  (ANOVA 
followed  by  Fisher's  LSD). 


While  there  was  a  trend  for  a  higher  ratio  of  ganglioside  per  cerebroside  for  estrus 
relative  to  the  other  two  stages,  this  was  not  a  statistically  significant  trend.  This  is 
likely  due  to  the  large  standard  deviations  especially  for  the  estrus  data.  This  is 
likely  due  to  the  limited  amount  of  endometrial  tissue  which  can  be  collected  from 
estrous  animals.  Zhu  et  al.  (1990)  did  not  look  at  the  total  ganglioside  weights  but  at 
each  individual  ganglioside  weight  per  total  ganglioside  weight.  Therefore, 
comparisons  of  some  individual  gangliosides  relative  to  the  total  gangliosides  (ug  per 
total  ug)  were  calculated.  While  gangliosides  1  and  2  could  be  easily  resolved  by 
tic,  gangliosides  3  and  4  could  not  and  were  therefore  were  treated  as  one  pool.  The 
average  ug  per  g  wet  weight  of  tissue  for  ganglioside  1  was  482,  122,  and  103  for 
day-6-pregnant,  day-6-pseudopregnant  and  estrus,  respectively.  The  average  ug  per  g 
wet  weight  of  tissue  for  ganglioside  2  was  281,  314,  and  108  for  day-6-pregnant,  day- 
6-pseudopregnant  and  estrus,  respectively.  The  average  ug  per  g  wet  weight  of  tissue 
for  ganglioside  3+4  was  235,  210,  and  12  for  day-6-pregnant,  day-6-pseudopregnant 
and  estrus,  respectively.  There  were  significant  changes  in  individual  gangliosides 
relative  to  total  gangliosides  as  a  function  of  the  reproductive  status  of  the  animal. 
For  ganglioside  1,  day-6-pregnant  and  estrous  tissues  contained  about  4  times  more 
than  did  the  day-6-pseudopregnant  tissue.  The  ratios  of  ganglioside  2  relative  to  total 
gangliosides  for  the  estrus  and  day-6-pseudopregnant  animals  were  not  different,  but 
were  significantly  higher  than  the  day-6-pregnant  by  a  factor  of  approximately  two. 
For  gangliosides  3  plus  4,  the  hormonally  stimulated  tissues  had  about  5-fold  more 
than  the  estrous  samples.  Thus,  the  ratios  of  ganglioside  types  in  uterine  scrapings 
appear  very  dependent  upon  the  reproductive  status  of  the  rabbit.  Zhu  et  al.  (1990) 
also  found  four  gangliosides,  two  major  and  two  minor  tic  bands,  using  human 
myometrium  and  endometrium.  Using  high  performance  tic  they  identified  the 
gangliosides  as  GM3,  GD3,  GM1,  and  GDI  a.  As  with  the  cerebrosides,  they  also 
reported  that  the  apparent  types  of  gangliosides  did  not  change  as  a  function  of  the 
reproductive  state.  They  did  find  that  during  pregnancy,  GD3  content  declined 
whereas  GM3  content  increased.  A  similar  pattern  of  change  was  seen  in  both  of  our 
hormonally  stimulated  tissues  when  compared  to  the  estrous  scrapings.  Using  rabbit 
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tissues,  Zhu  et  al.  (1992)  reported  a  substantial  decrease  in  ganglioside  content  (as 
measured  by  lipid-bound  sialic  acid)  during  pregnancy  relative  to  estrus.  This  is  in 
contrast  to  the  substantial  increases  which  we  found  after  ovulation  in  rabbits.  Their 
data  do  suggest  that  total  ganglioside  changes  are  not  similar  humans  and  rabbits. 
Yet,  Zhu  et  al.  (1992)  did  report  that  several  specific  gangliosides,  especially  GM3 
and  GD3  were  the  major  species  in  rabbit  endometrium.  They  report  that  GM3 
content  increases  during  early  pregnancy  whereas  GD3  content  decreases. 

DISCUSSION 

The  present  study  was  designed  to  isolate  and  quantitatively  evaluate 
glycosphingolipids  from  rabbit  uterine  tissue  and  determine  if  there  were  variations 
with  the  reproductive  state  of  the  animal.  Since  different  size  uterine  horns  were 
obtained  from  the  different  animals  the  data  were  normalized.  Although  there  were 
larger  amounts  of  tissue  for  the  day-6-pregnant  group,  we  found  that  each  group 
contained  the  same  percentage  of  water  (82%)  with  varying  amounts  of  some 
specific  organic  materials  (as  shown  in  Tables  1  and  2)  relative  to  g  of  initial 
material. 

In  our  study  we  found  234  ug  of  glycosphingolipids  per  g  tissue  weight  in  the  estrous 
rabbit  tissue.  This  conflicts  with  the  study  by  Chavez  and  Anderson  (1985)  where 
they  found  few  carbohydrate  residues  in  the  estrous  animals.  This  could  be  due  to 
the  sensitivity  of  the  assay  which  they  used.  The  lectin  dye,  Ricinus  communis 
agglutinin,  has  a  recognition  specificity  for  beta-linked  D-galactose.  If  the  sugar 
ending  of  the  glycolipid  or  glycoprotein  was  not  beta-linked  D-galactose  then  it 
would  not  be  detected.  Also  binding  studies  can  be  misleading  if  the  sites  are 
sterically  hindered. 

The  ganglioside  ratios  reported  here  show  a  complex  relationship.  There  was  no 
single  trend  evident  when  comparing  the  three  reproductive  stages  and  no  systematic 
comparisons  which  could  be  made.  The  variation  of  the  ganglioside  mass  relative  to 
reproductive  state  reveals  that  gangliosides  have  a  complex,  yet  not  well  understood, 
role  in  implantation.  Zhu  et  al.  (1992)  suggest  that  the  rapid  changes  in 
glycosphingolipid  content  and  composition  during  early  pregnancy  may  enhance 
embryo-maternal  interactions.  Also  our  observation  that  the  gangliosides  are  in  much 
higher  relative  concentrations  than  cerebrosides  for  all  samples  evaluated  is 
supportive  of  this  enhancement  role.  There  appears  to  be  approximately  14  to  20-fold 
more  mass  of  ganglioside  per  cerebroside  on  a  weight  basis  (ug/ug)  and  8-fold 
increase  on  a  mole  to  mole  basis  (assuming  the  average  MW  of  a  cerebroside  is  800 
and  that  of  a  ganglioside  is  1500).  Since  gangliosides  would  contribute  to  a  negative 
tissue  surface  change,  due  to  the  sialic  acid  moiety,  this  ratio  is  interesting 
especially  since  there  was  no  apparent  ganglioside/cerebroside  ratio  difference  with 
reproductive  state. 

The  apparent  total  amounts  of  glycolipids  detected  in  this  study  by  tic  followed  by 
spectroscopy  can  be  estimated  as  the  sum  of  ganglioside  plus  cerebroside  per  tissue. 
The  values  were  calculated  to  be  234  ug,  1064  ug,  and  730  ug  per  g  wet  wt  of  tissue 
for  estrus,  day-6  of  pregnancy  and  pseudopregnancy,  respectively.  Thus  there  is 
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apparently  fifteen  fold  less  glycolipid  (ug/ug)  than  protein  per  g  tissue.  However, 
since  most  of  the  glycolipid  would  be  expected  to  be  associated  with  the  plasma 
membrane  while  a  much  smaller  porportion  of  the  total  protein  would  be  similarly 
associated,  this  suggests  that  the  epithelial  plasma  membrane  is  very  rich  in 
glycosphingolipid. 

The  same  apparent  types  of  glycosphingolipids  (two  cerebrosides  and  four 
gangliosides)  were  found  in  the  rabbit  uterine  epithelial  scraping  regardless  of  the 
reproductive  stage  of  the  animal.  Although  the  chromatographic  pattern  did  not 
change,  small  changes  in  the  glycosphingolipid  structure  could  have  occured  such  as 
an  increased  degree  of  glycosylation.  According  to  a  review  by  Johnson  (1991), 
glycosylation  of  a  protein  or  lipid  changes  with  the  physiological  state  of  the  animal; 
for  example,  the  glycosylation  of  two  human  hormone-binding  serum  glycoproteins 
(transcortin  and  thyroxine-binding  globulin)  changes  during  pregnancy.  An  increased 
amount  of  galactosyltransferase  is  directly  related  to  an  elevated  fertilization  ability 
(Johnson,  1991).  Since  glycosylation  is  an  important  aspect  of  glycoprotein  and 
glycolipid  activity,  it  should  be  further  investigated  to  evaluate  possible  changes  in 
carbohydrate  content.  The  apparent  amounts  of  both  cerebroside  and  ganglioside,  as 
detected  from  the  tic,  showed  significant  differences  due  to  the  reproductive  state. 
The  hormonally  stimulated  tissues  had  a  significantly  higher  amount  of 
glycosphingolipid  than  the  estrous  samples  by  at  least  a  factor  of  three.  This  signals 
that  there  is  a  correlation  between  the  steroid  hormones  released  by  the  maternal 
system  and  glycosphingolipid  concentration  in  preparation  for  implantation  and 
pregnancy.  Since  we  did  not  see  a  difference  between  day-6-pregnant  and  day-6- 
pseudopregnant  samples,  this  suggests  that  the  embryos  have  little  influence  on 
maternal  glycosphingolipid  metabolism  and  that  the  ovary  is  the  controlling  factor. 
Reflecting  on  the  study  by  Zhu  et  al.  (1992),  which  is  the  only  recent  study  done  on 
glycosphingolipids  in  rabbit  reproductive  tissue,  our  findings  do  not  correspond  with 
their  findings  during  early  pregnancy  relative  to  ganglioside  content.  This  is  of 
interest  especially  since  different  extraction  techniques  and  quantitative  methods 
were  used.  They,  also,  report  that  the  ratio  of  neutral  glycolipids  to  gangliosides 
increased  during  pregnancy  (even  on  day-6)  while  we  show  that  the  ganglioside  to 
cerebroside  (one  type  of  neutral  glycolipid)  ratio  does  not  change  significantly  on 
day-6  relative  to  estrus.  Since  Zhu  et  al.  (1992)  were  measuring  sphingosine  content 
(which  reflects  total  neutral  glycolipids)  and  we  were  measuring  specifically 
cerebrosides,  it  may  be  that  some  neutral  lipids  increase  while  others  decrease. 
Clearly,  more  works  remains  in  this  area. 

The  data  do  suggest  that  the  rabbit  is  a  good  model  for  evaluating  the  events  which 
lead  to  changes  in  glycosphingolipids  during  the  peri-implantation  period.  Further 
studies  are  now  necessary  to  extend  these  findings  among  additional  days  of 
reproduction  in  the  rabbit  and  also  to  look  specifically  at  the  implantation  and 
interimplantation  sites  of  day-7-pregnant  rabbits.  Since  the  apparent  types  of 
glycosphingolipids  did  not  change,  a  closer  detailed  look  at  the  structures  of  these 
glycosphingolipids  must  be  done  using  gas  chromatography  and  mass  spectrometry  to 
see  if  subtle  changes  in  structure  occur. 
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Figure  1.  A  representative  high  performance  tic  of  glycosphingolipids  extracted  from 
epithelial  scrapings  then  saponified.  Solvent  used  was  65/25/4 
chloroform/methanol/water  (v/v/v);  spots  were  detected  after  spray  with  5% 
H2S04  in  methanol  then  gentle  heating  of  the  tic  plate 

Lane  1:  standard  galactocerebrosides 
Lane  2:  standard  gangliosides 
Lane  3:  standard  cholesterol 
Lane  4:  standard  sphingomyelin 
Lane  5:  saponified  lipid  extract. 
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ABSTRACT 

The  Illinois  Plant  Information  Network  (ILPIN),  a  species-based  database  on  the 
flora  of  Illinois,  is  useful  for  assessing  botanical  diversity  in  Illinois  and  surrounding 
states.  All  known  vascular  plant  taxa  from  Illinois  (more  than  3,200)  are  included.  It 
contains  county  distributions  (totaling  nearly  90,000)  for  each  taxon  and  information 
on  the  taxonomy,  ecology,  biology,  and  ecodistribution  of  each.  Summary  maps  and 
tables  on  Illinois  flora  are  generated  easily,  that  include  the  number  of  taxa  by 
county  or  subsets  such  as  number  of  threatened  and  endangered  species,  number  of 
exotics,  number  of  native,  forest-associated  species,  and  other  data.  The  database 
also  provides  information  on  regional  ecological  factors  associated  with  the  flora,  via 
geographic  information  system  (GIS)  overlay  analysis  and  statistics. 

INTRODUCTION 

The  Sustainable  Biosphere  Initiative  (SBI)  of  the  Ecological  Society  of  America 
(Lubchenco  et  al.  1991)  focuses  on  three  major  issues:  global  change,  biological 
diversity,  and  sustainable  ecological  systems.  A  critical  research  need  for  each  of 
these  issues  is  the  availability  of  long-term  data  on  organisms  and  their  habitats. 
Lubchenco  et  al.  (1991)  state  that  with  the  increasing  impacts  of  humans  on  the 
environment,  the  urgency  in  understanding  "the  ecological  determinants  and 
consequences  of  diversity...  and  the  effects  of  global  and  regional  change  on 
biological  diversity"  also  is  increasing  (see  also  Peters  and  Lovejoy  1992).  We  must 
move  from  the  conservation  of  only  single  species  to  the  concept  of  ecosystem 
conservation,  particularly  as  so  many  component  species  are  poorly  known  with 
respect  to  their  individual  autecology  and  because  we  would  be  unsuccessful  at 
optimally  managing  for  more  that  a  few  species  simultaneously  (Burton  et  al.  1992; 
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Franklin  1993).  For  ecosystem  conservation,  data  are  needed  on  all  elements  of 
diversity. 

There  also  is  a  need  for  information  systems  that  track  the  status  and  known 

information  about  flora  (Bisby  et  al.  1993).  These  systems  can  be  of  even  greater 

utility  when  linked  to  a  geographic  information  system  (GIS)  (Davis  et  al.  1990). 
Currently,  there  are  few  large-area  databases  that  are  suitable  for  studies  of 
ecosystem  conservation. 

There  are  three  approaches  to  databases  that  help  address  issues  of  integrated 
analyses  of  botanical  and  ecosystem  data.  Investigators  can:  (1)  record  point 

localities  of  individual  plant  sitings  or  collections,  (2)  make  synthetic  summaries  of 
plant  collections  (e.g.,  county  records),  or  (3)  record  specimens  by  habitat  or 
intrinsic  features  of  the  land  (Morse  et  al.  1981). 

In  the  United  States,  the  information  database  for  rare  species  is  expanding, 

primarily  due  to  the  Endangered  Species  Program  of  the  USDI  Fish  and  Wildlife 
Service  (USDI  Department  of  Interior,  Fish  and  Wild.  Serv.  1990)  and  State  Natural 
Heritage  Programs  initiated  by  The  Nature  Conservancy  (Sanders  1978).  The  former 
database,  which  follows  the  synthetic  approach  and  catalogs  species  for  each  county, 
was  used  in  conjunction  with  land-type  association  data  to  assess  species 
endangerment  patterns  across  the  United  States  (Flather  &  Joyce  1994). 

The  Nature  Conservancy  uses  the  point-locality  approach  to  catalog  critical  elements 
of  rare  plants,  animals,  and  communities.  This  approach  is  used  extensively  to 
assess  threats  and  develop  management  strategies  (e.g.,  Jenkins  1985;  Master  1991; 
Morse  et  al.  1993).  These  two  databases  focus  only  on  the  endangered  or  rare 
elements  of  diversity. 

Databases  that  catalog  information  on  the  entire  flora  are  less  developed.  Kartesz 
(1993)  cataloged  more  than  15,000  taxa  of  vascular  plants,  with  a  state  level  of 
spatial  resolution  for  the  United  States,  Canada,  and  Greenland.  The  USDA  Soil 
Conservation  Service  along  with  other  agencies  has  cataloged,  in  total  across  the 
U.S.,  more  than  50,000  vascular  and  nonvascular  plant  species  (USDA  Soil 
Conservation  Service  1982).  Szaro  (1992)  summarized  biological  diversity  related 
to  forested  ecosystems  across  North  America. 

These  databases  provide  only  limited  ecological,  biological,  and  geographical 
information  about  the  species.  Additional  pertinent  information  about  each  taxon  is 
needed  so  that  more  thorough  ecosystem  assessments  can  be  conducted.  Field 
botanists  must  be  given  the  opportunity  to  enhance  the  distributional  aspects  of  the 
databases  by  increasing  routine  collections  across  their  geographic  range.  In 
addition,  funds  are  needed  to  verify  and  automate  the  herbaria  and  other  smaller 
databases  housed  in  both  private  and  institutional  collections. 

Many  people  believe  that  Illinois  is  poor  in  species  because  of  its  abundance  of 
agricultural  and  urban  centers.  In  fact,  Illinois  has  a  wide  diversity  of  plant 
communities  because  of  its  geography,  climate,  and  geologic  history.  Plant  taxa  in 
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the  state  are  abundant  because  of  the  mixing  of  species  from  a  variety  of  floristic 
regions,  including  western  prairies,  Ozarkian  components,  southern  coastal  plain 
environments,  northwestern  driftless  regions,  Appalachian  flora,  eastern  deciduous 
forests,  northern  boreal  components,  and  cosmopolitan  exotic  sources.  This 
multitude  of  sources  from  which  species  have  invaded  and  the  diversity  of  habitats 
north  to  south  result  in  more  than  3,200  plant  species  in  Illinois,  more  than  in  any 
other  Midwestern  state  (Kartesz  1992).  Because  of  this  diversity  of  species  origins, 
Illinois'  flora  is  similar  to  that  of  several  Midwestern  states,  so  any  analysis  of  its 
flora  likely  will  apply  beyond  the  state's  borders. 

The  flora  of  Illinois  is  well  known  and  compiled,  compared  to  many  other  states,  due 
largely  to  the  efforts  of  several  individuals  and  their  students.  These  include  Robert 
Mohlenbrock  of  Southern  Illinois  University,  who  published  extensively  on  the  flora 
of  Illinois  (e.g.,  Mohlenbrock  1986),  Floyd  Swink  and  Gerould  Wilhelm  of  the 
Morton  Arboretum,  who  studied  the  plants  of  the  Chicago  region  (Swink  &  Wilhelm 
1994),  and  Robert  Evers  of  the  Illinois  Natural  History  Survey,  who  collected  more 
than  180,000  specimens  across  the  state  (Evers  1955). 

The  objectives  of  this  paper  are  to  introduce  the  ILPIN  and  its  capabilities  for 
integrating  information  about  the  flora  of  Illinois,  and  to  summarize  some  of  the 
characteristics  of  the  Illinois  flora. 


METHODS 


ILPIN  database 

ILPIN  was  developed  and  continues  to  reside  at  the  Illinois  Natural  History  Survey  in 
Champaign.  It  was  initially  patterned  after  a  project  by  the  USDI  Fish  and  Wildlife 
Service  in  Fort  Collins,  Colorado.  Called  the  Plant  Information  Network  (PIN),  the 
project  was  initiated  to  provide  information  on  the  species  of  Colorado,  Utah, 
Montana,  Wyoming,  and  North  Dakota  (Vories  &  Sims  1977).  This  system  was 
modified  and  expanded  to  include  Illinois  flora  beginning  in  1983.  (The  recording 
forms,  which  indicates  the  variables  cataloged  in  ILPIN  and  the  descriptions  of  each 
variable,  are  available  from  the  authors,  but  a  review  of  the  Appendix  will  give  some 
indication  as  to  the  details  in  the  database).  The  database  used  was  the  geographic 
information  system  software,  ARC/INFO  (ESRI,  1991),  which  allowed  storage, 
retrieval,  and  manipulation  of  tabular  data  in  INFO,  and  spatial  (distributional) 
information  in  ARC.  During  the  ensuing  years,  data  were  compiled  from  a  number  of 
resources  to  fill  out  the  database.  Some  categories  contain  extensive  data  while 
others  have  little  information  entered.  However,  the  intent  was  not  to  attain  a 
complete  database,  but  to  encode  known  information  and  provide  a  basis  for  further 
research.  Extensive  programming  eased  data  input  (with  error  checking),  extraction, 
and  viewing  or  printing  (see  the  Appendix  for  an  example  output). 

Summarizing  ILPIN  information 

Many  of  the  variables  listed  in  the  Appendix  were  queried  and  summarized  from 
ILPIN.  For  this  paper,  only  representative  summaries  were  possible.  These  include 
endangered/threatened  status,  commonness,  habit,  natural  community  preference, 
weediness,  life  cycle,  leaf  arrangement,  and  edibility.  Data  were  summarized  and 
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graphed  according  to  four  subsets:  (1)  entire  flora;  (2)  native  flora;  (3)  flora  listed 
by  Illinois  or  the  U.S.  government  as  threatened  or  endangered  (Herkert  1991);  and 
(4)  flora  classed  as  trees  or  shrubs. 

RESULTS  AND  DISCUSSION 

Information  Available  from  ILPIN 

Although  far  from  being  a  completed  database,  ILPIN  provides  rapid  access  to 
compiled  information  on  the  species  of  Illinois  and  surrounding  states.  There  are  131 
fields  of  information  available  for  data  on  each  of  3,208  taxa  found  in  the  state.  An 
example  of  data  output  for  persimmon  ( Diospyros  virginiana  L.),  is  shown  in  the 
Appendix.  Example  queries  (and  their  answers,  noting  that  some  answers  represent 
a  minimum  number  since  not  all  taxa  have  complete  information)  include: 

1.  How  many  native  herb  taxa  have  culinary  (99)  or  medicinal  (94)  uses? 

2.  How  many  Champaign  County  species  are  edible  (242)? 

3.  How  many  forest-associated  exotic  species  have  been  reported  for  only  one  or 
two  counties  (32)? 

4.  How  many  yellow-flowered  taxa  might  appear  in  woodlands  in  Cook  County 
(Chicago  area)  (186)?  How  many  are  common  (70)? 

5.  How  many  trees  have  edible  parts  (89)? 

6.  What  percentage  of  simple-leaved  taxa  also  have  entire  leaf  margins  (67%)  or 
doubly  serrate  (1%)  margins? 

7.  How  many  prairie-related  species  have  basal  leaves  (119)? 

8.  What  percentage  of  the  prairie  taxa  are  monocots  (35%)  or  woody  dicots 
(5%)? 

9.  What  percentage  of  the  threatened  and  endangered  taxa  for  Illinois  could  be 
associated  with  wetlands  (47%)? 

10.  What  percentage  of  the  Illinois  flora  are  C4  taxa  from  forests  (3%)  or  prairies 

(6%)? 

11.  What  are  the  40  families  with  the  highest  number  of  taxa  per  family  (Table  1)? 

12.  What  are  the  40  most  commonly  reported  exotic  species  in  Illinois  (Table  2)? 

Summarizing  ILPIN  information 

Besides  these  queries,  individual  fields  are  summarized  easily  with  the  ILPIN 
database.  As  examples,  summaries  are  presented  for  eight  characteristics  of  the  flora. 
In  each  case,  the  data  are  summarized  for  the  entire  reported  flora  (3,208  taxa), 
native  species  only  (2,309  taxa),  threatened  and  endangered  species  (T&E)  only 
(356  taxa),  and  trees  and  shrubs  only  (467  taxa).  For  several  of  the  pie-chart 
summaries  (Fig.  1),  a  taxon  may  be  in  more  than  one  category  so  that  the  total 
number  of  taxa  represented  is  greater  than  the  numbers  listed  above. 

In  addition  to  the  taxa  reported  in  ILPIN,  there  are  as  many  as  67  taxa  that  are 
presumed  extirpated  (Bowles  et  al.  1991;  Post  1991;  John  Taft,  pers.  commun.). 

Threatened/Endangered  Status.  About  12%  of  the  entire  flora  and  15%  of  the  native 
Illinois  flora  are  listed  as  threatened  or  endangered  by  the  state  and/or  the  US 
government  (Fig.  1A).  Of  these,  only  six  taxa  (0.2%  of  the  entire  flora)  currently  are 
listed  as  threatened  or  endangered  by  the  federal  government.  There  is  not  a  high 
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degree  of  endemism  in  Illinois,  as  the  physical  geography  of  surrounding  states  is 
similar  to  that  of  Illinois.  Therefore,  most  of  the  state-listed  taxa  represent  those  at 
the  edge  of  their  overall.range  (Herkert  1991);  indeed,  some  the  taxa  may  not  even 
be  that  rare  in  surrounding  states.  However,  a  relatively  high  proportion  of  the  flora, 
totalling  366  taxa,  is  in  danger  of  extirpation  from  the  state.  Roughly  the  same 
proportion  of  trees  and  shrubs  are  as  endangered  or  threatened  status  as  the  flora  as  a 
whole  (Fig.  1A).  One  species,  Thismia  americana ,  is  presumed  extinct,  though  it  is 
still  listed  because  it  is  possible  that  this  1-cm  tall  saprophyte  may  persist  in  some 
sand  prairie  habitat  in  the  Chicago  region  (Herkert  1991). 

Commonness.  There  are  four  categories  in  this  field:  (1)  rare  (rarely  found  and 
sparse),  (2)  uncommon  (localized  distribution  or  sparse),  (3)  occasional  (common  in 
localized  patches),  or  (4)  common  (widely  distributed  with  high  abundance).  Only 
about  15%  of  the  flora  (entire  flora  or  native  flora)  can  be  considered  common  in 
Illinois  (Fig.  IB).  Of  course,  most  of  the  threatened  and  endangered  (T&E)  taxa  are 
rare  (90%),  with  most  of  the  remaining  taxa  classed  as  uncommon.  Slightly  higher 
percentages  of  taxa  are  classed  as  rare  for  trees  and  shrubs  (41%)  versus  native 
(31%)  or  entire  flora  (37%).  This  trend  can  be  attributed  to  the  large  number  of  trees 
and  shrubs  that  have  escaped  from  cultivation,  especially  in  the  Chicago  region 
(Swink  &  Wilhelm  1994).  Many  introduced  trees  and  shrubs  have  become 
naturalized  outside  of  their  original  setting  (e.g.,  nurseries  and  backyards),  but 
remain  rare  in  occurrence. 

Habit.  This  field  pertains  to  the  growth  form  of  the  plant:  tree,  shrub,  vine,  liana, 
forb,  and  grasslike.  Eighty-one  taxa  may  be  either  a  shrub  or  a  tree  depending  on 
conditions.  About  60%  of  the  entire  flora  and  native  flora  are  forbs  in  habit,  followed 
by  about  20%  as  grasslike  (Fig.  1C).  Compared  to  the  native  flora,  T&E  flora 
includes  a  higher  proportion  of  grasslike  taxa  and  a  lower  proportion  of  tree  taxa. 
Obviously,  trees  and  shrubs  have  tree  or  shrub  habits,  although  a  few  taxa  can  also 
occur  as  lianas. 

Natural  Community  Preference.  This  item  places  a  taxon  in  a  hierarchical 
framework  of  natural  communities.  For  example,  a  taxon  found  only  on  dry  sand 
forests  would  be  placed  at  the  third  level  of  the  hierarchy  and  also  would  be 
categorized  both  as  a  sand  forest  and  a  forest  taxon  (see  Appendix  for  an  example). 
The  first  level  of  the  hierarchy,  summarized  here,  includes  eight  general  community 
types:  forest,  prairie,  savanna,  wetland,  lake  and  pond,  stream,  primary,  and  cultural 
communities.  A  taxon  can  be  placed  in  more  than  one  community  type,  as  many 
species  live,  for  example,  in  both  prairies  and  savannas.  When  the  entire  flora  is 
considered,  the  cultural  communities  (human-disturbed  systems)  have  the  most  taxa 
(1,648),  followed  by  forest  systems  (1,588)  and  wetlands  (1,264)  (Fig.  ID). 
However,  when  only  native  taxa  or  T&E  taxa  are  considered,  the  number  of  taxa  in 
cultural  communities  falls  to  fourth  or  fifth  place  behind  forests,  wetlands,  primary 
(including  glades,  bluffs,  dunes,  beaches),  and  prairie  communities.  As  expected,  the 
largest  number  of  trees  and  shrubs  are  found  in  forest  communities,  though 
surprisingly  high  numbers  of  trees  and  shrubs  also  are  found  in  cultural  (many 
escapes)  and  wetland  habitats. 
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Weediness.  This  field  attempts  to  catalog  the  taxa  if  it  is  considered  "undesirable, 
unattractive,  or  troublesome".  Obviously,  this  is  a  subjective  classification.  For 
ILPIN,  we  have  chosen  to  classify  a  species  as  a  weed  only  if  it  is  classed  as  such  in 
the  literature  (e.g.,  Illinois  Agriculture  Experiment  Station  1981).  As  a  result,  there 
is  a  preponderance  of  "unknown"  species  in  Fig.  IE.  Within  the  entire  flora,  15.7% 
of  all  species  are  classed  as  weedy  compared  to  7.8%  of  the  natives,  9.6%  of  the 
trees  and  shrubs,  and  0%  of  the  T&E  species.  Many  of  the  weedy  trees  and  shrubs 
are  escapes  from  cultivation,  especially  in  the  Chicago  region.  A  few  Illinois  T&E 
species,  at  the  edge  of  their  range  in  Illinois,  might  be  classified  as  'weedy'  in  other 
states  because  they  are  generally  fugitive  in  nature  (for  example,  on  sand  dunes). 
However,  they  are  not  classed  as  weedy  in  this  analysis.  Interestingly,  35%  of  the 
colonizing  weeds  (easily  established  in  disturbed  environments)  and  37%  of  the 
economic  weeds  (cause  economic  loss)  are  native  to  Illinois.  However,  the  exotic 
weeds  tend  to  present  much  more  of  a  problem  for  managers  of  natural  areas  (Bratton 
1982;  Harty  1986).  People  are  encouraged  to  become  aware  of  the  exotic 
troublemakers  in  their  locality  and  help  eliminate  them. 

Life  Cycle.  This  field  catalogs  a  taxon's  reproductive  cycle,  which  can  be 
perennial,  biennial,  or  annual  (Fig.  IF).  In  some  instances,  a  species  can  be  more 
than  one  of  the  above.  All  trees  and  shrubs  are  perennial,  as  are  80%  or  more  of  the 
native  and  T&E  floras.  For  the  entire  flora,  however,  the  proportion  of  perennials  is 
lower  (71%),  because  44%  of  the  introduced  flora  are  annuals.  These  annual,  exotic 
species  are  commonly  excellent  fugitive  species  that  thrive  in  disturbed  locations. 

Leaf  Arrangement.  This  field  provides  an  example  of  the  taxonomic  characteristics 
embedded  into  ILPIN.  With  additional  fields  and  programming,  the  database  also 
could  be  used  as  an  aid  in  species  identification.  Several  computer  programs  are 
available  that  assist  in  the  identification  of  portions  of  the  globe's  flora.  Leaf 
arrangement  simply  identifies  the  placement  of  leaves  on  a  stem:  alternate,  opposite, 
whorled,  or  basal.  For  trees  and  shrubs,  99%  of  the  taxa  have  either  alternate  leaves 
(76.8%)  or  opposite  (21.9%)  leaves.  This  trend  contrasts  to  that  in  the  native  and 
T&E  floras,  where  17  and  22  percent,  respectively,  have  whorled  or  basal  leaves 
(Fig.  1G).  By  far  the  most  common  leaf  arrangement  is  the  alternate  type. 

Edibility.  This  field  summarizes  the  potential  for  a  plant  to  be  edible  by  humans. 
Classes  are:  some  part  of  the  plant  is  edible;  plant  is  edible  but  only  during  certain 
seasons  or  after  certain  preparations;  plant  is  inedible;  some  part  of  the  plant  is 
poisonous.  Again,  many  plants  are  not  rated  as  there  were  insufficient  numbers  of 
individuals  willing  to  taste  all  of  the  species.  Instead,  we  relied  on  a  handful  of 
references  related  to  plant  edibility  (e.g.,  Medsger  1939;  Fernald  et  al.  1958; 
Kingsbury  1964).  For  all  taxa,  native  taxa,  and  T&E  taxa,  roughly  18%  of  the  flora  is 
edible  at  least  at  some  portion  of  the  year  (Fig.  1H).  This  figure  jumps  to  30%  (137 
taxa)  when  only  trees  and  shrubs  are  considered.  Part  of  this  increase  can  be 
attributed  to  the  better  known  status  of  the  trees  and  shrubs.  More  than  40%  of  the 
total  known  poisonous  plants  in  the  Illinois  flora  are  introduced  species;  the  exotics 
not  only  are  proportionately  more  "weedy"  than  the  native  flora  but  also  more 
poisonous  to  humans. 


47 


CONCLUSIONS 

The  Illinois  Plant  Information  Network  allows  rapid  analysis  of  Illinois  flora  in  a 
number  of  ways  that  previously  were  impractical.  Summary  assessments  of  a  host  of 
variables  can  provide  insights  into  the  nature  of  the  flora.  More  importantly,  ILPIN 
provides  a  mechanism  to  identify  the  gaps  of  information  concerning  the  taxa  of  the 
state,  e.g.,  where  should  the  limited  resources  in  systematics  and  ecology  be  placed 
for  the  greatest  payback? 

Besides  describing  the  ILPIN  data  base  and  its  capabilities,  we  have  summarized 
some  general  characteristics  of  the  Illinois  flora,  which  would  be  until  now, 
extremely  tedious  to  determine.  As  examples,  we  have  shown,  for  the  entire  Illinois 
flora,  that:  (1)  about  12%  of  the  taxa  are  threatened  or  endangered;  (2)  only  about 
15%  of  the  flora  is  common;  (3)  61%  are  forbs;  (4)  nearly  half  of  the  flora  are  found 
in  either  cultural  or  forest  community  types;  (5)  480  taxa,  so  far,  have  been 
determined  to  be  either  colonizing  or  economic  weeds;  (6)  71%  of  the  flora  is 
perennial  in  life  cycle;  (7)  65%  of  the  flora  has  an  alternate  leaf  arrangement;  and 
(8)  there  is  a  wide  variety  of  taxa  (nearly  600  taxa)  with  edible  plant  parts  at  least 
some  part  of  the  year  or  with  appropriate  cooking.  It  is  hoped  that  the  more  familiar 
people  become  with  their  surrounding  flora,  the  more  good  citizenship  can  be 
practiced  with  respect  to  the  wide  diversity  of  taxa  in  Illinois. 
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Figure  1A.  Summaries  from  the  Illinois  Plant  Information  Network  -  Threatened/Endangered  Status 
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Not  Listed  (87.47%) 


Figure  IB.  Summaries  from  the  Illinois  Plant  Information  Network  -  Commonness 
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Occasional 

(32.76%) 


Figure  1C.  Summaries  from  the  Illinois  Plant  Information  Network  -  Habit 
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(6.47%) 


Figure  ID.  Summaries  from  the  Illinois  Plant  Information  Network  -  Natural  Community  Preference 
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Figure  IE.  Summaries  from  the  Illinois  Plant  Information  Network  -  Weediness 
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Figure  IF.  Summaries  from  the  Illinois  Plant  Information  Network  -  Life  Cycle 
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Perennial 

(100.00%) 


Alternate 

(76.30%) 


Figure  1H.  Summaries  from  the  Illinois  Plant  Information  Network  -  Human  Edibility 
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Table  1.  Number  of  taxa  recorded  per  family  for  top  40  families  in  Illinois  (172 
families  represented  in  Illinois  flora) 


ASTERACEAE  345 

POACEAE  341 

CYPERACEAE  252 

ROSACEAE  159 

FABACEAE  132 

LAMIACEAE  99 

BRASSICACEAE  91 

SCROPHULARIACEAE  83 

RANUNCULACEAE  73 

LILIACEAE  71 

APIACEAE  55 

POLYGONACEAE  52 

C  ARYOPH  YLL  ACEAE  5 1 

ORCHIDACEAE  49 

AS  PLENI  ACE  AE  44 

EUPHORBIACEAE  43 

CAPRIFOLIACEAE  40 

SALIC  ACEAE  40 

SOLANACEAE  40 

CHENOPODIACEAE  36 


ONAGRACEAE  35 

BORAGINACEAE  34 

VIOLACEAE  32 

RUB  I  ACEAE  32 

JUNCACEAE  28 

HYPERICACEAE  26 

MALVACEAE  25 

PRIMULACEAE  25 

FAGACEAE  25 

ASCLEPIAD  ACEAE  25 

PAPAVERACEAE  23 

POTAMOGETONACEAE  22 

ERICACEAE  18 

JUGLAND ACEAE  1 8 

C  AMPANULACEAE  1 8 

IRID  ACEAE  17 

POLEMONI  ACEAE  17 

AMARANTHACEAE  17 

VERBEN  ACEAE  17 

CONVOLVUL  ACEAE  17 
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Table  2.  Illinois  exotic  taxa  (top  40  taxa)  and  number  of  counties  reported  per  taxa 
(of  a  total  of  102  counties) 


Achillea  millefolium 

102 

Allium  vineale 

102 

Bromus  inermis 

102 

Bromus  tectorum 

102 

Capsella  bursa-pastoris 

102 

Cerastium  vulgatum 

102 

Dactylis  glomerata 

102 

Eragrostis  cilianensis 

102 

Festuca  pratensis 

102 

Lactuca  serriola 

102 

Medicago  lupulina 

102 

Medicago  sativa 

102 

Melilotus  alba 

102 

Melilotus  officinalis 

102 

Pastinaca  sativa 

102 

Phleum  pratense 

102 

Plantago  lanceolata 

102 

Poa  compressa 

102 

Poa  pratensis 

102 

Portulaca  oleracea 

102 

Rumex  aceto sella  102 

Setaria  faberi  1 02 

Setaria  glauca  102 

Setaria  viridis  102 

Stellaria  media  102 

Taraxacum  officinale  102 

Trifolium  hybridum  102 

Trifolium  pratense  102 

Trifolium  repens  102 

Verbascum  thapsus  102 

Veronica  arvensis  102 

Anthemis  cotula  99 

Mirabilis  nyctaginea  95 

Saponaria  officinalis  95 

Cichorium  intybus  94 

Rumex  crispus  94 

Maclura  pomifera  93 

Potentilla  recta  92 

Mollugo  verticillatus  90 

Barbarea  vulgaris  arcuata  88 
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APPENDIX 

Example  output  from  Illinois  Plant  Information  Network 

ENTER  SCIENTIFIC  NAME  (FIRST  LETTER  CAPITALIZED) 
Diospyros  virginiana 

ILLINOIS  PLANT  INFORMATION  NETWORK 
Developed  by  L.  Iverson,  Center  for  Biodiversity,  INHS 

INFORMATION  ON  SPECIES:  Diospyros  virginiana 


CL  AS  S :  DICOTYLEDEN  AE 
ORDER:  EBENALES 
FAMILY:  EBENACEAE 
SCIENTIFIC  NAME:  Diospyros  virginiana 
AUTHORITY:  L. 

COMMON  NAMES: 

PERSIMMON 

POSSUMWOOD 

SYNONOMY: 

Diospyros  pubescens  Pursh 

Diospyros  virginiana  L.  var.  pubescens  (Pursh)  Dippel 
Diospyros  virginiana  L.  var.  platycarpa  Sarg. 

Diospyros  virginiana  L.  var.  platycarpa  Sarg.  f.  atra  Sarg. 

RECORD  NUMBER  804 

CODES:  SCS-  DIVI5  ILPIN-  6627NTRN  TAXA-CODE-  50  5150  10  5  5  0000 

NATURAL  COMMUNITIES: 

FOREST 

UPLAND  FOREST 
DRY 

DRY-MESIC 

MESIC 

FLOODPLAIN  FOREST 
MESIC 
WET-MESIC 
FLATWOODS 
SOUTHERN 
PRAIRIE 
HILL  PRAIRIE 
LOESS 
SAVANNA 
BARREN 
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PRIMARY 

GLADE 

SANDSTONE 

LIMESTONE 

CULTURAL 

AGRICULTURAL  FIELD 
CROPLAND 
PASTURELAND 
FIELD  DIVISION 
SUCCESSIONAL  FIELD 
ABANDONED  CROPLAND 
EARLY 
MIDDLE 
LATE 

ABANDONED  FORAGELAND 
EARLY 
MIDDLE 
LATE 

DEVELOPED  LAND 
PLANTATION 
RESTORATION 
FOREST 
MINED  LAND 
VEGETATED 


SAF  FOREST  COVER  TYPE: 
CENTRAL 
Other  Central  Types 
listed 

Sassafras  -  Persimmon 


NATURAL  DIVISION: 

Grand  Prairie 
Grand  Prairie 
Springfield 

Upper  Miss,  and  Ill.  R.  Bottomlands 
Illinois  River 
Mississippi  River 

Miss,  and  Ill.  R.  Sand  Areas 
Illinois  River 

Western  Forest  Prairie 
Galesburg 
Carlinville 

Middle  Mississippi  Border 
Glaciated 
Driftless 
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Southern  Till  Plain 
Effingham  Plain 
Mt.  Vernon  Hill  Country 
Wabash  Border 
Bottomlands 
Southern  Uplands 
Ozark 
Northern 
Central 
Southern 

Lower  Miss.  R.  Bottomlands 
Northern 
Southern 
Shawnee  Hills 
Greater  Shawnee  Hills 
Lesser  Shawnee  Hills 
Coastal  Plain 
Cretaceous  Hills 
Bottomlands 


COUNTIES: 

ADAMS 

CASS 

CLINTON 

EDGAR 

FULTON 

HARDIN 

JOHNSON 

MADISON 

MONROE 

PERRY 

RANDOLPH 

SCHUYLER 

WABASH 


ALEXANDER 

CHAMPAIGN 

COLES 

EDWARDS 

GALLATIN 

JACKSON 

LAWRENCE 

MARION 

MONTGOMERY 

PIATT 

RICHLAND 

SCOTT 

WASHINGTON 


BOND 

CHRISTIAN 

CRAWFORD 

EFFINGHAM 

GREENE 

JASPER 

MCDONOUGH 

MASON 

MORGAN 

PIKE 

ST.  CLAIR 

SHELBY 

WAYNE 


BROWN 

CLARK 

CUMBERLAND 

FAYETTE 

HAMILTON 

JEFFERSON 

MACON 

MASSAC 

MOULTRIE 

POPE 

SALINE 

TAZEWELL 

WHITE 


CALHOUN 

CLAY 

DOUGLAS 

FRANKLIN 

HANCOCK 

JERSEY 

MACOUPIN 

MENARD 

PEORIA 

PULASKI 

SANGAMON 

UNION 


WILLIAMSON 


GROWTH  FORM:  Dicot- woody 

TAXONOMIC  CHARACTERISTICS: 

ROOTS:  Primary 

LEAF  ARRANGEMENT:  Alternate 

LEAF  TYPE:  Simple 

LEAF  MARGIN:  Entire 

LEAF  VENATION:  Pinnate 

LEAF  SHAPE:  Oblong  Ovate  Oval 

INFLORESCENCE:  Dischasium  Solitary-  few 

FLOWER  MEROUS:  4 
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FLOWER  STRUCTURE:  Incomplete  Regular 
FLOWER  COLOR:  Yellow  White 
FLOWER  PLACEMENT:  Hypogynous 
FRUIT:  Berry 

DISTINGUISHING  CHARACTERISTIC  COMMENTS: 

Flowers  are  occasionally  5-merous.  Pistillate  flowers  solitary,  staminate  flowers 
cymose  (Spongberg,  1977). 

GEOGRAPHIC  INFORMATION: 

ORIGIN:  Native 

POPULATION  DYNAMICS: 

STATE  STATUS:  Not  listed 
FEDERAL  STATUS:  Not  listed 
COMMONNESS:  Occasional 
ENDEMIC:  NOT-ENDEMIC 

BIOLOGIC: 

HABIT:  Tree 
LIFE  CYCLE:  Perennial 
REPRODUCTION:  Sexual  Vegetative 
FLOWERING  PERIOD: 

MONTH  BEGINNING-  5  MONTH  END-  6 
TROPHIC  STATUS:  Autotrophic 
C02  FIXATION:  C3 
SEX:  Unisexual  -dioecious 


BIOLOGIC  COMMENTS: 

Occasionally  individuals  produce  both  staminate  and  pistillate  flowers.  Perfect 
flowers  are  rarely  formed.  Seedless  persimmons  are  sometimes  formed  through 
parthenocarpy  (Spongberg,  1979).  Two  chromosome  races  of  persimmon  exist:  2n 
=  60  and  2n  =  90  (Baldwin  and  Culp,  1941). 

ENVIRONMENTAL  RELATIONSHIPS: 

GROWTH  OF  SPECIES  IN  VARIOUS  CONDITIONS:  No  data  entered 

HABITAT:  Moist  Dry  Xeric 

FUNCTIONAL  RELATIONSHIPS: 

MAJOR  DISPERSAL  AGENTS:  MAMMAL  -internal 
MAJOR  POLLINATION  AGENT:  INSECT  bee 

HUMAN  RELATIONSHIP  DATA: 

EDIBLE:  Yes 

SHOWY  FLOWERS:  NO  LANDSCAPING:  YES  AMOUNT:  Medium 
CHEMICAL  SOURCE  VALUE:  Yes 
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HUMAN  FACTOR  COMMENTS: 

The  edible  fruit  can  be  used  to  make  pudding,  syrup,  and  vinegar.  The  seeds  can 
be  roasted  and  used  as  a  substitute  for  coffee.  The  dried  leaves,  which  are  high  in 
vitamin  C  content,  can  be  used  to  make  a  tea  (Fernald  et  al.,  1958).  Wood  of 
persimmon  contains  extracts  that  are  toxic  to  termites  (Carter  et  al.,  1978). 

WILDLIFE  AND  LIVESTOCK  INFORMATION: 

FOOD  VALUE: 

DEER  VALUE:  Good  -  Fruit  Leaves  Stems  Buds 
UPLAND  GAME  VALUE:  Good  -  Fruit  Leaves  Buds 
WATERFOWL  VALUE:  Unknown 
SMALL  NON-GAME  BIRD  VALUE:  Good  -  Fruit 
SMALL  MAMMAL  VALUE:  Good  -  Fruit 
AQUATIC  MAMMAL  VALUE:  Unknown 
FISH  VALUE:  Unknown 
COVER  VALUE:  No  data  entered 

LIVESTOCK  PALATABILITY  DATA: 

CATTLE  FORAGE:  No  SHEEP  FORAGE:  No  data  HORSE  FORAGE:  No  data 
GOAT  FORAGE:  No  data  ENERGY  VALUE:  No  data  PROTEIN  VALUE:  No  data 
POISONOUS  (LIVESTOCK):  No  data  entered 
LIVESTOCK  COMMENTS: 

Foliage  is  avoided  by  cattle  (Steyermark,  1963). 

RE  VEGETATION  PLANTINGS: 

ESTABLISHMENT  REQUIREMENTS:  Easy 
SHORT-TERM  REVEGETATION  POTENTIAL:  Poor 

LONG-TERM  REVEGETATION  POTENTIAL:  Good 
WEEDINESS:  COLONIZING 
SEED  AVAILABILITY:  Good 


PROCUREMENT  COMMENTS: 

Seed  company  numbers:  14,18,19,21,27,28. 

PROPAGATION  COMMENTS: 

Form  -  seedlings. 
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ABSTRACT 

The  channel  shiner,  Notropis  wickliffi,  has  long  been  confused  with  the  mimic 
shiner,  Notropis  volucellus.  Prior  to  this  study,  the  distribution  and  systematics  of  N. 
wickliffi  in  Illinois  were  poorly  known.  Notropis  wickliffi  is  distinguished  from 
Illinois  specimens  of  N.  volucellus  in  having  postdorsal  melanophores  randomly 
distributed,  rather  than  concentrated  on  scale  edges,  fewer  mean  lateral  line  scales 
and  vertebrae,  more  mean  pectoral  rays,  a  longer  jaw  length  and  anal  fin  height,  and 
relatively  reduced  snout  tuberculation  in  nuptial  males.  Notropis  wickliffi  in  Illinois 
is  confined  to  the  Wabash,  Ohio,  and  Mississippi  rivers  and  the  lower  reaches  of 
some  of  their  tributaries.  The  range  and  abundance  of  N.  wickliffi  has  increased  in 
the  Illinois  portion  of  the  Mississippi  River.  Anthropogenic  changes  to  the 
Mississippi  River  may  have  created  more  favorable  conditions  for  N.  wickliffi. 

INTRODUCTION 

Notropis  wickliffi  (Cypriniformes:  Cyprinidae),  the  channel  shiner,  is  a  small 
(maximum  78  mm  TL,  Etnier  and  Starnes,  1993)  minnow  inhabiting  large  river 
habitats  in  the  Ohio  and  Mississippi  River  basins.  The  biology  of  this  fish  is  poorly 
known,  although  it  is  thought  to  spawn  in  summer  (Trautman,  1931;  Etnier  and 
Starnes,  1993).  Gong  (1991)  reported  Ohio  N.  wickliffi  feed  primarily  on  blue-green 
algae,  diatoms,  and  immature  aquatic  insects. 

Notropis  wickliffi  is  a  member  of  the  N.  volucellus  species  group  (Mayden,  1989). 
This  species  group  is  characterized  by  modally  eight  anal  fin  rays,  0, 4-4,0 
pharyngeal  teeth,  a  subterminal  mouth,  pallid  coloration,  and  vertically  heightened 
anterior  lateral-line  scales.  In  addition  to  N.  wickliffi,  this  species  group  contains  N. 
cahabae  (Cahaba  shiner),  N.  buchanani  (ghost  shiner),  N.  volucellus  (mimic  shiner), 
and  probably  N.  saladonis  (Salado  shiner)  (Jenkins  and  Burkhead,  1994).  Notropis 
wickliffi  is  most  similar  to  and  often  confused  with  N.  volucellus,  which  is  itself 
polymorphic  and  in  need  of  a  detailed  systematic  analysis  (Mayden  and  Kuhajda, 
1989;  Gong,  1991,  Etnier  and  Starnes,  1993).  Because  the  systematics  of  N.  wickliffi 
have  been  somewhat  unclear,  its  range  and  status  in  many  states  is  unknown.  Smith 
(1979)  treated  N.  wickliffi  as  a  subspecies  of  N.  volucellus,  and  indicated  it  to  be 
common  in  the  Wabash,  Ohio,  and  Mississippi  rivers  in  Illinois.  However,  the  ranges 
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of  the  two  subspecies  were  not  distinguished  nor  were  diagnostic  characters  provided 
to  identify  the  two  forms. 

The  channel  shiner  was  originally  described  as  a  subspecies  of  Notropis  volucellus 
(Trautman,  1931),  with  the  presence  of  many  putative  intergrades  in  some  Ohio 
rivers  noted  (Trautman,  1931,  1957).  Trautman  (1957,  1981)  also  provided  dot- 
range  maps  of  both  TV.  volucellus  volucellus  and  TV.  v.  wickliffi  in  Ohio.  Jenkins 
(1976)  elevated  the  channel  shiner  to  species,  without  comment.  Becker  (1983), 
unable  to  distinguish  TV.  wickliffi  and  TV.  volucellus ,  disagreed  with  Jenkin's  elevation 
of  TV.  wickliffi  to  species.  Trautman  (1981)  later  accepted  that  TV.  wickliffi  was  a 
valid  species  based  on  then  unpublished  data  collected  by  D.  Etnier  and  students. 
May  den  and  Kuhajda  (1989)  treated  TV.  wickliffi  as  a  species  and  found  TV.  volucellus 
to  be  monophyletic  and  sister  to  a  clade  containing  TV.  cahabae  and  TV.  wickliffi. 
They  also  provided  morphological  and  biochemical  characters  to  distinguish  TV. 
cahabae ,  TV.  wickliffi ,  and  southern  populations  of  TV.  volucellus.  The  systematics  and 
geographic  variation  of  morphology  of  TV.  wickliffi  and  TV.  volucellus  were  studied  by 
Gong  (1991).  He  noted  several  areas  of  sympatry  and  failed  to  find  morphological 
evidence  of  intergradation.  Neither  May  den  and  Kuhajda  (1989)  nor  Gong  (1991) 
examined  any  specimens  of  TV.  volucellus  or  TV.  wickliffi  from  Illinois  for  their 
morphological  studies.  Etnier  and  Starnes  (1993)  mapped  the  distributions  of  TV. 
volucellus  and  TV.  wickliffi  in  Tennessee  and  provided  additional  morphological 
characters  useful  in  distinguishing  the  two  species. 

The  range  and  identification  of  TV.  wickliffi  is  uncertain  in  Illinois,  and  only  limited 
attempts  have  been  made  at  separating  Illinois  collections  of  TV.  wickliffi  from  TV. 
volucellus.  Many  large  river  cyprinids  are  jeopardized  in  Illinois  or  have 
experienced  apparent  recent  declines  in  abundance  or  restriction  in  range  including 
Hybognathus  argyritus  (western  silvery  minnow),  H.  placitus  (plains  minnow), 
Macrhybopsis  gelida  (sturgeon  chub),  M.  meeki  (sicklefin  chub),  and  Platygobio 
gracilis  (flathead  chub)  (Pflieger  and  Grace,  1987;  United  States  Fish  and  Wildlife 
Service,  1994;  Cross  and  Collins,  1995).  Population  and  distributional  changes  in  a 
big  river  cyprinid  fauna  can  provide  insight  into  the  quality  of  big  river  ecosystems. 
Thus,  a  distributional  study  of  TV.  wickliffi  is  warranted  in  Illinois.  Herein,  I 
distinguish  the  channel  shiner,  TV.  wickliffi ,  from  Illinois  populations  of  the  mimic 
shiner,  TV.  volucellus ,  and  describe  the  ranges  of  both  of  these  species  in  Illinois. 

METHODS 

Regional  museums  (FMNH,  INHS,  SIUC,  UMMZ,  UT)  were  canvassed  to  find 
Illinois  records  of  TV.  volucellus  and  TV.  wickliffi.  Museum  abbreviations  follow 
Leviton  et  al.  (1985).  A  total  of  152  lots  of  TV.  volucellus  and  TV.  wickliffi  from  Illinois 
was  examined.  Pigmentation  was  quantified  on  specimens  larger  than  34  mm  SL. 
Methods  used  for  scale  counts  follow  Mayden  (1988).  Vertebrae  were  visualized 
with  the  aid  of  soft  x-rays  (3 A,  30  millivolts,  15  seconds)  and  were  counted  using  the 
methods  of  Jenkins  and  Lachner  (1971).  Twenty-nine  measurements  were  taken  from 
29  specimens  of  TV.  wickliffi  and  42  specimens  of  TV.  volucellus  and  used  in  a 
multivariate  analysis  of  shape  (Table  5).  Measurements  followed  the  methods  of 
Hubbs  and  Lagler  (1974). 
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Truss-geometric  protocol  (Humphries  et  al.,  1981;  Strauss  and  Bookstein,  1982; 
Bookstein  et  al.,  1985)  was  used  in  part  to  define  body  form  and  included  18 
measurements  distributed  among  three  sagittal  truss  cells  with  an  appended  anterior 
triangle.  Ten  additional  measurements  were  included  in  the  morphometric  analysis. 
Multivariate  analysis  of  the  morphometric  data  was  accomplished  using  sheared 
principal  component  analysis  (PCA)  (Humphries  et  al.,  1981;  Bookstein  et  al.,  1985) 
to  eliminate  overall  size  effects.  Principal  components  were  factored  from  the 
covariance  matrix  of  log-transformed  morphometric  characters  following 
recommendations  of  Bookstein  et  al.  (1985).  Multivariate  analyses  were  conducted 
on  the  Southern  Illinois  University  at  Carbondale  mainframe  computer  using 
programs  available  in  SAS  6.01  (SAS  Institute,  Inc.,  1982)  and  as  modified  by  David 
L.  Swofford. 


RESULTS 

Morphological  variation.  Pigmentation  characters  were  the  most  useful  for 
discriminating  N.  wickliffi  and  N.  volucellus  in  Illinois;  consequently  juveniles  (<  35 
mm  SL)  and  poorly  preserved  specimens  were  the  most  difficult  to  identify. 
Pigmentation  is  generally  darker  in  N.  volucellus.  The  postdorsal  scales  in  adult  N. 
wickliffi  were  generally  uniformly  pigmented  while  these  scales  in  N.  volucellus 
tended  to  have  melanophores  more  heavily  concentrated  posteriorly  (Fig.  1,  Table  1). 
A  narrow  postdorsal  streak  was  present  in  many  specimens  of  N.  wickliffi  examined, 
but  absent  in  most  N.  volucellus  from  southern  Illinois  (Table  1).  A  distinct 
predorsal  streak  or  blotch  was  generally  present  in  specimens  of  N.  volucellus  from 
the  upper  Illinois  and  Wabash  River  drainages,  but  was  weak  or  absent  in  N.  wickliffi 
and  southern  Illinois  N.  volucellus. 

The  few  meristic  differences  between  N.  volucellus  and  N.  wickliffi  were  most  useful 
in  identification  when  large  series  were  available  because  of  overlapping  counts. 
Meristic  counts  are  presented  in  Tables  2-4.  Notropis  wickliffi  differed  from  N. 
volucellus  in  having  modally  more  pectoral  rays,  fewer  mean  lateral  line  scales,  and 
fewer  mean  vertebrae.  Although  circumferential  scale  counts  have  been  found  to  be 
useful  in  discriminating  these  species  in  other  parts  of  their  ranges  (Mayden  and 
Kuhajda,  1989;  Gong,  1991),  nearly  identical  circumferential  counts  were  found  in 
Illinois  specimens  of  N.  volucellus  (mean  =  21.92,  n  =  60)  and  N.  wickliffi  (mean  = 
22.06,  n  =  35).  All  specimens  of  N.  volucellus  and  N.  wickliffi  from  Illinois  examined 
in  this  study  lacked  breast  scales. 

Multivariate  analysis  of  the  morphometric  data  indicated  N.  wickliffi  had  a  longer 
upper  jaw  and  shorter  anal  fin  height  than  N.  volucellus  (Table  5).  Most  separation 
occurred  along  sheared  PC  2,  although  there  was  considerable  overlap  between  these 
species  (Fig.  2).  Much  of  the  overlap  resulted  from  a  specimen  of  N.  volucellus  from 
Clear  Creek  with  typical  N.  volucellus  pigmentation  and  meristic  counts,  but 
unusually  short  fins,  resulting  in  its  relatively  high  score  on  sheared  PC  2.  Sheared 
PC  3  provided  some  additional  discrimination  between  the  species,  with  highest 
loadings  on  anal  base  length,  pectoral  and  pelvic  fin  length,  anal  fin  origin  to  dorsal 
origin  of  caudal  fin,  and  caudal  peduncle  depth  (Table  5).  Other  morphometric 
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analyses  showed  N.  wickliffi  to  have  a  larger  eye  (Mayden  and  Kuhajda,  1989;  Gong, 
1991),  but  no  meaningful  taxonomic  difference  in  eye  size  was  detected  in  this 
study. 

Specimens  of  nuptial  male  N.  volucellus  examined  from  the  Clear  Creek  system  in 
Illinois  and  the  Little  River  system  in  southeast  Missouri  had  one  to  two  rows  of 
tubercles  along  pectoral  rays  1-7,  with  typically  three  tubercles  present  on  each 
segment.  Tubercles  covered  most  of  the  head  and  were  most  prominent  on  the  snout. 
Nuptial  male  N.  wickliffi  from  the  Mississippi  and  Wabash  rivers  had  similar  pectoral 
fin  tuberculation.  However,  only  scattered  tubercles  were  present  on  the  dorsum  of 
the  head,  and  snout  tubercles  were  absent  or  greatly  reduced  in  size  and  coverage.  A 
single  nuptial  male  N.  volucellus  in  peak  condition  (SIUC  23969,  collected  29  July 
1994)  from  the  upper  Illinois  River  drainage  differed  from  N.  wickliffi  and  southern 
populations  of  N.  volucellus  in  having  well  developed  tubercles  on  the  predorsal 
midline,  and  relatively  smaller  tubercles  on  the  pectoral  rays  arranged  in  3-6 
irregular  rows  with  typically  6-12  tubercles  per  segment.  Males  of  N.  volucellus  from 
the  upper  Illinois  River  drainage  collected  from  late  April  to  early  June  had  reduced 
tuberculation. 

Distribution  and  abundance.  Records  of  N.  wickliffi  are  available  in  Illinois  from 
the  mainstem  Mississippi,  Ohio,  and  Wabash  rivers  and  the  lower  reaches  of  the 
Embarras,  Big  Muddy,  and  Cache  rivers  (Fig.  3).  Twenty  years  of  intense  collecting 
in  the  Mississippi  River  at  Grand  Tower  (Jackson  County)  by  B.  M.  Burr  and  students 
indicate  N.  wickliffi  to  be  uncommon,  but  persistent  there.  Numerous  recent 
collections  of  N.  wickliffi  in  the  Mississippi  River  from  Alexander  County  to  Pike 
County  by  B.  Atwood  and  the  Illinois  Department  of  Natural  Resources  (IDNR) 
suggest  N.  wickliffi  to  be  more  widespread  in  the  Mississippi  River  than  indicated  by 
Smith  (1979).  Only  two  collections  are  available  for  Notropis  wickliffi  in  the  middle 
Mississippi  River  before  1963  (UMMZ  87202  and  MCZ  31908,  St.  Louis  Co.,  MO, 
May  1853  and  FMNH  48057,  Monroe  Co.,  IL,  15  October  1922).  This  species  was 
absent  in  the  middle  Mississippi  River  in  collections  (vouchered  at  UMMZ)  of 
cyprinids  made  by  Barnickol,  Bauman,  and  others  in  the  1930s  and  1940s,  and 
present  in  only  seven  of  the  numerous  collections  (vouchered  at  INHS  and  KU)  made 
during  the  1960s  by  Braasch  and  Smith,  Miller  and  Newton,  and  Pflieger.  Notropis 
wickliffi  (reported  as  N.  volucellus )  has  also  recently  invaded  the  lower  Missouri 
River  (Pflieger  and  Grace,  1987). 

Large  collections  made  by  A.  C.  Bauman  in  1940  and  P.  W.  Smith  and  M.  E.  Braasch 
in  the  1960s  indicate  N.  wickliffi  was  widespread  in  the  Wabash  River  and  often 
common  (e.g.  UMMZ  221378,  n  =  630).  The  only  vouchered  material  from  the 
Illinois  portion  of  the  Wabash  River  since  1967  includes  23  specimens  from 
Lawrence  County  collected  in  1979  (UT  44.1910  and  UT  44.1991)  and  a  single 
specimen  from  White  County  collected  in  1995  (SIUC  25114).  However,  the 
apparent  recent  rarity  of  N.  wickliffi  in  the  Illinois  portion  of  the  Wabash  River  may 
reflect  the  paucity  of  recent  vouchered  collections,  rather  than  changes  in 
distribution  and  abundance. 
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Records  of  N.  volucellus  are  available  in  Illinois  from  the  upper  Illinois  River 
drainage  (Kankakee  River  system  and  Cedar  Lake),  some  tributaries  of  the  Wabash 
River  drainage,  including  the  Vermilion  River  system  and  Little  Wabash  River,  the 
Big  Muddy  River  drainage,  and  several  small  streams  draining  the  Shawnee  Hills  in 
southern  Illinois  (Fig.  3).  No  records  of  N.  volucellus  are  available  from  the  Illinois 
portion  of  the  Mississippi  River,  although  specimens  of  N.  volucellus  have  been 
collected  from  the  Missouri  side  of  the  Mississippi  River  (SIUC  25379  and  SIUC 
25838).  Trautman  (1981)  recorded  N.  volucellus  in  the  Ohio  River  mainstem  only  in 
the  winter.  The  lack  of  N.  volucellus  from  the  Mississippi  River  may  result  from 
collection  efforts  being  concentrated  almost  entirely  in  the  summer  and  fall.  These 
species  are  sympatric  in  the  lower  Big  Muddy  River  and  possibly  the  Mississippi 
River. 

There  appear  to  be  two  forms  of  N.  volucellus  in  Illinois,  differing  in  nuptial  male 
tuberculation  and  pigmentation.  A  northern  form  is  represented  by  specimens  from 
the  upper  Illinois  River  drainage  and  Vermilion  River  system  (Wabash  River 
drainage).  A  southern  form,  represented  by  specimens  from  southern  Illinois,  is 
similar  to  specimens  of  N.  volucellus  examined  from  southeast  Missouri  and  western 
Kentucky,  Tennessee,  and  Mississippi.  A  range  wide  study  of  N.  volucellus 
incorporating  biochemical  methods  has  been  undertaken  by  B.  Kuhajda  (pers. 
comm.),  and  will  greatly  clarify  the  systematics  of  the  N.  volucellus  group. 

DISCUSSION 

In  the  lower  Duck  River,  both  species  occur  together  and  can  apparently  be  easily 
separated  (Gong,  1991;  Etnier  and  Starnes,  1993).  However,  no  single  character  can 
reliably  separate  Illinois  specimens  of  N.  wickliffi  and  N.  volucellus,  resulting  in 
considerable  difficulty  of  identification  of  individual  specimens  collected  from  areas 
of  potential  sympatry.  Other  researchers  (Mayden  and  Kuhajda,  1989;  Gong,  1991, 
Etnier  and  Starnes,  1993)  have  listed  several  characters,  including  postdorsal  streaks, 
circumferential  or  transverse  scale  counts,  breast  squamation,  and  eye  size  for 
distinguishing  these  species  that  apparently  are  not  useful  or  of  limited  use  for 
Illinois  specimens.  Although  the  lack  of  utility  of  these  characters  for  Illinois 
populations  is  disappointing,  it  is  not  surprising  given  the  recognized  variability  of  N. 
volucellus  (Gong,  1991;  Etnier  and  Starnes,  1993). 

Recognition  of  N.  wickliffi  as  a  distinct  species  is  supported  by  the  results  of  this 
study.  Specimens  of  N.  wickliffi  were  more  phenotypically  similar  to  geographically 
distant  populations  of  N.  wickliffi  than  to  more  proximate  populations  of  N. 
volucellus.  Gong  (1991)  obtained  similar  results  with  specimens  from  Ohio  and 
Tennessee. 

The  status  of  N.  wickliffi  in  most  areas  is  poorly  known,  although  Trautman  (1981) 
and  Gong  (1991)  indicated  that  this  species  has  remained  fairly  common  in  Ohio. 
The  distribution  and  abundance  of  N.  wickliffi  in  Illinois  has  apparently  increased  in 
the  Mississippi  River.  Other  big  river  shiners,  including  Cyprinella  lutrensis  (red 
shiner),  Notropis  atherinoides  (emerald  shiner),  Notropis  blennius  (river  shiner),  and 
Notropis  shumardi  (silverband  shiner)  are  also  stable  or  increasing  in  distribution  or 
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abundance  in  the  Missouri  and  middle  Mississippi  rivers  (Pflieger  and  Grace,  1987; 
Pflieger,  1989).  This  is  in  contrast  to  the  general  decline  of  big  river  cyprinids  (//. 
argyritus,  H.  placitus,  M.  gelida,  M.  meeki,  and  P.  gracilis )  adapted  for  life  in  turbid 
rivers.  Anthropogenic  changes  to  the  Missouri  River,  including  channelization  and 
construction  of  mainstem  reservoirs,  wing  dikes  and  levees,  have  resulted  in  reduced 
turbidity,  altered  flow  regimes,  and  increased  phytoplankton  densities  (Cross  and 
Huggins,  1975;  Pflieger  and  Grace,  1987).  These  changes  have  apparently  led  sight¬ 
feeding  fishes  to  expand  their  ranges  at  the  expense  of  other  cyprinids  (Cross  and 
Huggins,  1975;  Cross  and  Haslouer,  1984;  Pflieger  and  Grace,  1987).  The  middle 
Mississippi  River  has  experienced  similar  disturbances  (Dobney,  1975;  Pflieger, 
1989),  possibly  allowing  N.  wickliffi  to  expand  its  distribution  and  abundance. 

Changes  in  fish  distributions  in  large  midwestern  rivers,  particularly  for  cyprinids, 
suggest  recent  anthropogenic  changes  to  these  rivers  may  have  affected  habitats 
critical  to  the  ecology  of  these  fishes.  Unfortunately,  life  history  information  is 
poorly  known  or  completely  lacking  in  most  big  river  cyprinids,  including  N.  wickliffi. 
Ecological  studies  of  these  cyprinids  may  provide  information  critical  in  the  analysis 
of  cyprinid  community  changes  in  big  rivers. 
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APPENDIX 

Specimens  of  N.  volucellus  and  N.  wickliffi  used  in  quantitative  analyses. 
Parenthetical  numbers  after  catalog  numbers  refer  to  numbers  of  specimens  used  in 
pigmentation,  meristic,  and  morphometric  analyses  respectively. 

N.  volucellus.  Clear  Creek  system,  Illinois.  Alexander  County:  SIUC  10936 
(0,10,0),  SIUC  19453  (6,0,0),  SIUC  20541  (1,1,0),  SIUC  22588  (7,7,8),  SIUC 

22688  (4,0,0).  Union  County:  SIUC  19469  (10,2,6),  SIUC  20642  (1,0,0).  Illinois 
River  drainage,  Illinois.  Iroquois  County:  SIUC  23969  (2,0,0).  Lake  County:  INHS 
4197  (5,11,0),  SIUC  19754  (2,0,0).  Will  County:  INHS  65468  (16,10)  Middle  Fork 
Vermilion  River  (Wabash  drainage),  Illinois.  Ford  County:  FMNH  (4,4,0).  Vermilion 
County:  INHS  11858  (11,11,9),  INHS  11806  (8,7,5),  FMNH  (2,2,0).  Little  Wabash 
River,  Illinois.  White  County:  UMMZ  22148  (42,0,4). 

N.  wickliffi.  Wabash  River  drainage,  Illinois.  Clark  County:  INHS  2572  (4,8,2) 

INHS  2563  (6,4,0).  Crawford  County:  INHS  11398  (1,15,1).  Wabash  County:  UMMZ 
221378  (1,3,6).  Ohio  River,  Illinois.  Hardin  County:  INHS  948  (2,11,6).  Mississippi 
River,  Illinois.  Calhoun  County:  SIUC  25407  (11,0,0),  SIUC  25454  (2,0,0),  SIUC 
25471  (3,0,0).  Jackson  County:  SIUC  6272  (3,0,3),  SIUC  6318  (1,0,0),  SIUC  6400 
(0,3,0),  SIUC  6506  (4,5,0),  SIUC  6525  (2,2,3),  SIUC  8374  (2,2,0),  SIUC  8830 
(0,2,0),  SIUC  22843  (1,1,2),  SIUC  22849  (4,2,4),  SIUC  22926  (2,1,2),  SIUC  24825 
(1,0,0).  Madison  County:  SIUC  23882  (4,0,0),  SIUC  24555  (2,0,0),  SIUC  24950 
(1,0,0),  25405  (4,0,0). 
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Table  1.  Postdorsal  pigmentation  in  selected  Illinois  samples  of  Notropis  volucellus 
and  N.  wickliffi. 


postdorsal  streak 

postdorsal  melanophores 

complete  interrupted  absent 

evenly 

distributed 

concentrated 
on  scale  edges 

N.  volucellus 

Clear  Creek 

Little  Wabash  River 

1 

3 

36 

42 

1 

39 

42 

Illinois  drainage 

8 

9 

5 

4 

18 

Vermilion  River 

11 

9 

5 

7 

18 

N.  wickliffi 

Wabash/Ohio  rivers 

8 

4 

2 

13 

1 

Mississippi  River 

21 

16 

10 

45 

2 

Table  2.  Frequency  distribution  of  pectoral  fin  rays  in  selected  Illinois  samples  of 
Notropis  volucellus  and  N.  wickliffi. 


13 

14 

15 

16 

17 

N 

mean 

SD 

N.  volucellus 

Clear  Creek 

6 

12 

2 

20 

13.80 

0.616 

Illinois  drainage 

10 

14 

3 

27 

13.74 

0.656 

Vermilion  River 

13 

10 

1 

24 

13.50 

0.590 

N.  wickliffi 

Wabash  River 

1 

10 

14 

4 

1 

30 

14.80 

0.847 

Ohio  River 

3 

5 

2 

1 

11 

15.09 

0.944 

Mississippi  River 

1 

5 

13 

4 

1 

25 

14.95 

0.859 
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Table  3.  Frequency  distribution  of  lateral-line  scales  in  selected  Illinois  samples  of 
Notropis  volucellus  and  N .  wicklijfi. 


30  31 

32 

33 

34 

35 

36 

37  38  39 

N 

mean 

SD 

N.  volucellus 

Clear  Creek 

2 

9 

7 

2 

20 

35.45 

0.826 

Illinois  drainage 

1 

7 

7 

3  1 

19 

35.79 

0.976 

Vermilion  River 

2 

5 

7 

4  -  1 

19 

35.89 

1.197 

N.  wicklijfi 

Wabash  River  1 

2 

5 

12 

2 

22 

33.55 

0.963 

Ohio  River  1 

1 

1 

1 

4 

32.30 

1.708 

Mississippi  River 

1 

12 

7 

5 

25 

33.54 

0.860 

Table  4.  Frequency  distribution  of  vertebrae 
volucellus  and  N.  wicklijfi. 

in  selected  Illinois  samples  of  Notropis 

33  34 

35 

36 

37 

38  39 

N 

mean 

SD 

N.  volucellus 

Clear  Creek 

7 

5 

1 

13 

36.62 

0.870 

Illinois  drainage 

5 

8 

5 

18 

37.00 

0.767 

Vermilion  River 

2 

8 

10 

36.80 

0.422 

N.  wicklijfi 

Wabash  River 

1 

7 

7 

15 

35.40 

0.632 

Ohio  River 

10 

4 

14 

35.29 

0.469 

Mississippi  River 

1  3 

10 

4 

18 

34.94 

0.802 

75 


Table  5.  Sheared  principal  component  loadings  for  29  morphometric  variables  for 
Notropis  volucellus  and  N.  wickliffi  in  Illinois. 


Measurement 

sheared  PC  2 

sheared  PC  3 

Standard  length 

-0.026 

-0.121 

Anal  fin  base  length 

-0.192 

-0.348 

Head  length 

0.029 

-0.031 

Upper  jaw  length 

0.382 

0.164 

Pectoral  fin  length 

-0.258 

0.375 

Pelvic  fin  length 

-0.220 

0.303 

Dorsal  fin  height 

-0.157 

0.238 

Anal  fin  height 

-0.359 

0.134 

Snout  to  occiput 

0.099 

0.188 

Snout  to  pectoral  fin  origin 

0.023 

0.091 

Occiput  to  dorsal  fin  origin 

-0.191 

-0.114 

Dorsal  fin  base  length 

0.096 

0.150 

Pectoral  fin  origin  to  pelvic  fin  origin 

0.105 

-0.178 

Pelvic  fin  origin  to  anal  fin  origin 

0.157 

-0.174 

Dorsal  fin  insertion  to  dorsal  leading 

-0.104 

-0.181 

procurrent  caudal  ray 

Anal  fin  origin  to  ventral  leading 

-0.279 

-0.292 

procurrent  caudal  ray 

Occiput  to  pelvic  fin  origin 

0.045 

-0.051 

Pectoral  fin  origin  to  dorsal  fin  origin 

-0.033 

-0.130 

Dorsal  fin  origin  to  anal  fin  origin 

0.291 

0.117 

Pelvic  fin  origin  to  dorsal  fin  insertion 

0.118 

-0.150 

Dorsal  fin  insertion  to  ventral  leading 

-0.044 

-0.108 

procurrent  caudal  ray 

Anal  fin  origin  to  dorsal  leading 

-0.247 

-0.175 

procurrent  caudal  ray 

Occiput  to  pectoral  fin  origin 

0.067 

0.021 

Dorsal  fin  origin  to  pelvic  fin  origin 

0.151 

-0.086 

Dorsal  fin  insertion  to  anal  fin  origin 

0.277 

0.089 

Caudal  peduncle  depth 

-0.177 

0.316 

Head  width 

0.101 

0.052 

Body  width  below  dorsal  fin 

0.233 

-0.067 

Fleshy  orbit  length 

-0.027 

0.224 
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Figure  1.  Dorsal  pigmentation  of  Notropis  volucellus  (left,  INHS  65468,  36  mm  SL) 
and  N.  wickliffi  (right,  SIUC  24565,  39  mm  SL). 
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Figure  2.  Morphometric  scores  on  sheared  PCA  axes  2  and  3  for  42  Notropis 
volucellus  (solid  squares)  and  29  N.  wickliffi  (open  squares)  from  Illinois. 
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Figure  3.  Distribution  of  Notropis  volucellus  (open  circles)  and  N.  wickliffi  (solid 
circles)  in  Illinois.  A  locality  with  both  species  present  is  represented  by 
a  half-filled  circle. 
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ABSTRACT 

Semiaquatic,  stream  breeding  two-lined  salamanders,  Eurycea  cirrigera  (formerly  E 
bislineata ),  were  translocated  from  western  Indiana  to  west-central  Illinois,  outside 
the  present  range.  In  spite  of  general  habitat  degradation  in  an  unfavorable  Prairie 
Peninsula  region,  microhabitat  was  found  in  three  areas  where  E  cirrigera  colonies 
were  subsequently  established.  Information  was  gained  about  the  biology  of  the 
salamander,  and  how  it  is  affected  by  changes  in  hydrology,  stream  flow  regimen, 
and  drainage  basin  vegetation.  Recommendations  are  made  concerning  management 
of  E.  cirrigera  preserves,  conservation  and  improvement  of  habitat,  and  translocation 
methods. 

INTRODUCTION 

In  previous  studies  this  author  made  minor  range  extensions  of  terrestrial  forest 
dwelling  amphibians  (wood  frogs  and  Plethodon )  to  west-central  Illinois  via 
translocation  (Thurow,  1994  and  in  progress).  The  drier  macroclimate  of  the  Prairie 
Peninsula  (Transeau,  1935)  is  unfavorable  to  many  amphibians,  as  their  ranges 
indicate.  But  the  above  translocation  studies  showed  some  could  survive  in  local 
forested  areas  with  better  microclimates,  particularly  if  habitat  improvements  were 
made. 

Another  amphibian  whose  Illinois  range  has  diminished  is  the  semiaquatic  southern 
two-lined  salamander  ( Eurycea  cirrigera ,  once  called  E  bislineata  in  Illinois).  It 
still  can  be  found  in  forest  fragments  along  the  eastern  Illinois  border  in  tributaries  of 
the  Wabash  and  Ohio  rivers,  and  also  in  the  Vermillion  and  Kankakee  river  valleys, 
which  lie  in  the  Prairie  Peninsula.  Deforestation  and  resulting  increased  water 
temperatures,  historical  drops  in  the  water  table  (Bowman  1991,  and  Visocky  1993, 
Figs.  3,  6,  and  Table  3),  and  decreased  water  quality  probably  relate  to  the  Illinois 
range  contraction.  These  changes  are  discussed  in  many  ecology  texts,  and  in  books 
on  forestry  such  as  by  Shepard  (1975). 

Mierzwa  (1989)  confirms  that  isolated  E  cirrigera  populations  exist  in  the  Prairie 
Peninsula  (in  the  Kankakee  River  area),  and  this  discontinuity  proves  that  the 
postglacial  Illinois  range  was  once  more  extensive.  The  salamander's  present  range 
extends  N,  S,  E,  and  even  W  of  this  study's  translocation  area  (in  Mississippi  and 
Louisiana,  Conant  and  Collins,  1991).  There  would  seem  to  be  no  reason  why  E 
cirrigera  could  not  exist  in  western  Illinois  if  suitable  habitat  could  be  reached. 
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Typically,  the  two-lined  salamander  lays  eggs  in  riffle  areas  of  clear  well  oxygenated 
streams  with  a  rocky  bottom.  Egg  hatching  occurs  in  late  May  in  the  Indiana  donor 
area  (Minton,  1972,  and  my  observations).  Bishop  (1941),  citing  others,  says  that  K 
bislineata  metamorphosis  usually  occurs  in  the  next  year  (in  summer).  This  is 
confirmed  by  McDowell  (1995)  for  southern  Illinois  K  cirrigera.  So  permanent 
moisture  in  a  good  quality  stream  environment  appears  necessary  for  successful 
reproduction  (Minton,  1972).  This  differs  completely  from  the  requirements  for  the 
terrestrial  breeding  Plethodon  or  vernal  pool  breeding  wood  frogs. 

Again,  the  purpose  of  this  study  was  to  see  if  translocations  could  succeed  further 
west  in  the  Prairie  Peninsula,  and  thus  to  learn  more  about  habitat  restrictions  and 
possible  conservation  methods.  Any  successful  populations  could  be  used  for  further 
studies. 


MATERIALS  AND  METHODS 


General 

Donor  salamanders  were  collected  by  hand  from  the  Sugar  Creek  valley  in  Fountain, 
Montgomery  and  Parke  counties  of  west-central  Indiana.  Transport  was  in  moss 
filled  .946  1  canning  jars,  kept  at  about  5-20°  C.  Animals  were  usually  released 
within  a  day  or  two,  at  one  of  three  study  areas,  whose  exact  locations  are  omitted 
for  their  protection.  Two  were  pre-picked  areas  of  more  suitable  habitat  in  Brown 
and  central  McDonough  counties,  Illinois.  The  third  was  by  a  less  suitable  and 
subsequently  deteriorating  stream  habitat  on  a  farm  in  NE-central  McDonough 
County.  Habitat  improvements  were  made  in  this  latter  area. 

The  improvements  to  the  surrounding  redeveloping  oak-hickory  forest  involved  tree 
planting,  leaf  litter  and  surface  shelter  additions,  and  rock  shelter  construction  as 
described  earlier  (Thurow,  1994).  Direct  aquatic  habitat  improvements  included 
limestone  rock  bridges  and  dams,  which  improved  stream  aeration  and  presumably 
raised  the  pH  (since  ground  limestone  is  used  for  this  purpose  in  agriculture).  Rock 
piles  and  flat  rocks  were  added  to  provide  shelter.  On  land,  more  shelter  objects  (flat 
rocks  and  boards)  were  added  by  a  slope  seep  area,  and  a  few  seepage  collecting 
pools  were  dug.  One  small  watering  tank  and  a  wash  tub  were  also  emplaced  so  as 
to  form  seepage  pools.  Some  of  these  went  dry  when  seep  and  spring  drainage 
followed  a  different  path,  and  lower  pools  were  sometimes  scoured  by  stream  floods. 
Indirect  attempts  were  made  to  increase  and  stabilize  stream  flow  by  increasing 
forest  growth  on  some  adjacent  areas  from  1970  or  later,  and  by  converting  some 
crop  land  to  grassland. 

Monitoring  involved  turning  and  replacing  cover  objects,  recording  sightings,  and 
also  recording  evidences  of  reproduction  (eggs,  larvae,  and  immature 
metamorphosed  animals).  Repeated  visits  were  made  most  years  through  1993,  but 
my  required  long  absences  in  1994  and  1995  limited  observations  then.  Release  area 
habitats  were  all  so  small  in  McDonough  County  that  no  transects  or  quadrats  were 
needed.  Visits  were  limited  to  reduce  habitat  disturbance.  In  most  years  the  Brown 
County  stream  was  only  examined  near  the  release  area,  for  the  same  reason. 
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Previous  absence  of  E.  cirrigera  from  the  translocation  areas  was  confirmed  by  other 
herpetologists  (Conant  and  Collins,  1991),  and  by  my  own  field  work  since  1966. 

Brown  County  Unimproved  Area  (Site  1) 

Nearly  all  of  west-central  Illinois  is  covered  by  glacial  till  or  loess  deposits. 
However,  as  the  Illinois  and  Mississippi  Rivers  converge  to  the  south  more  glacial 
deposits  have  been  eroded  away  in  the  intervening  area.  The  main  river  (McKee 
Creek)  draining  through  Adams  and  Brown  counties  to  the  Illinois  River  has  more 
rock  outcroppings  along  its  tributaries  than  the  LaMoine  River  does  in  McDonough 
County.  Cooler  clearer  waters  for  the  upper  McKee  Creek  basin  were  observed,  and 
evidenced  by  the  presence  of  Rana  clamitans,  which  is  missing  from  much  or  all  of 
the  upper  LaMoine  River  drainage  basin. 

A  north  flowing  tributary  of  McKee  Creek  was  chosen,  south  of  Mt.  Sterling.  The 
area  is  forested,  with  oak,  hickory,  and  hard  maple.  The  main  disturbance  is  limited 
to  occasional  selective  lumbering.  There  are  sandstone  outcrops  on  the  slopes,  and 
sandstone  and  limestone  flat  rocks  in  the  stream  bed.  A  rocky  stream  bottom  2-3  m 
wide  extends  for  over  1  km.  In  October  1976,  56  salamanders  were  released  near  the 
juncture  of  two  of  the  tributary's  branches.  In  1977,  219  more  animals  were  released. 
In  1978  releases  totaled  102,  plus  some  eggs.  In  1979,  127  more  salamanders  were 
released,  for  a  total  of  504.  One  monitoring  visit  was  usually  made  per  year. 

Central  McDonough  County  Unimproved  Area  (Site  2) 

Most  McDonough  County  streams  have  mud  bottoms,  with  only  scattered  glacial 
erratic  rocks.  The  streams  are  usually  surrounded  by  pasture  or  eroding  crop  fields. 
However,  there  is  one  north  flowing  tributary  to  the  LaMoine  River  which  cuts  down 
through  bluffs,  and  has  rocky  banks  and  about  a  3  m  wide  rocky  bottom  for  over  110 
m  near  its  terminus.  Most  of  the  drainage  basin  occurs  on  one  farm,  and  the  land 
adjacent  to  the  stream  is  pastured  savannah  or  woods  rather  than  crops,  which 
reduces  stream  turbidity.  This  restricted  area  of  habitat  is  semi-protected  by  the 
management  policies  on  this  family  farm. 

On  9/27/87,  196  E.  cirrigera  were  released  here.  On  6/2/88,  19  more  were  released, 
plus  about  40  larvae,  and  on  8/27/91,  49  more  salamanders  were  released,  for  a  total 
of  approximately  304  animals.  Brief  monitoring  visits  were  made  about  once  a  year, 
usually  taking  less  than  one  hour. 

NE-Central  McDonough  County  Improved  Area  (Sites  3-7) 

This  farm  has  about  36  ha  (90  acres)  of  wooded  or  semi-wooded  area,  most  around 
another  north  flowing  tributary  to  the  LaMoine  River.  However  this  stream  does  not 
have  a  rocky  bottom,  and  extends  upstream  beyond  the  farm  into  crop  areas.  From 
1970  to  1975,  when  the  translocations  started,  this  stream  was  permanent,  and  even 
its  side  branches  persisted  most  of  the  summer.  After  the  droughts  of  the  1980s,  parts 
of  the  main  stream  went  dry  in  several  years,  and  its  tributaries  stopped  flowing 
nearly  every  year. 

Stream  flow  regimens  reflect  drainage  basin  conditions,  and  drainage  basin 
experiments  have  confirmed  that  more  devegetation  caused  more  surface  runoff  and 
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erosion  (Hibbert,  1967,  Horwitz,  1974).  This  faster  runoff,  or  more  extreme  flooding, 
can  cause  difficulties  for  organisms  adjusted  to  less  changeable  conditions  (Bowles 
and  Apfelbaum,  1989).  Less  vegetation  leads  to  more  surface  evaporation,  and  this 
plus  more  runoff  leads  to  drier  conditions  between  rains.  If  more  precipitation 
evaporates  or  runs  off,  then  less  soaks  into  the  ground,  and  springs  dry  up  and  water 
tables  drop.  This  of  course  is  hastened  by  withdrawal  of  groundwater,  as  in 
McDonough  County.  This  gradual  surface  xerification  in  agricultural  areas  of  the 
U.S.  is  indicated  by  place  names  for  springs  that  have  since  gone  dry,  by 
measurements  of  declining  water  tables  (Ehrlich,  et  al.,  1977,  p.  263),  and  by 
relative  increases  in  plant  species  which  are  more  resistant  to  dryness  (1979  M.S. 
thesis  of  D.B.  Fisher  Jansen,  Western  Illinois  University,  pp.  59-60).  In  1975  the  NE- 
central  McDonough  County  farm  had  five  spring  areas  and  about  five  additional 
seepage  areas.  In  1992  only  three  definite  spring  areas  were  left,  with  reduced  flow, 
and  one  of  these  is  below  the  surface  of  the  stream. 

Two-lined  salamanders  were  released  into  small  stream  branches;  along  a  rock  pile 
added  to  the  main  stream  below  two  spring  areas;  and  by  a  spring  seep  on  a  valley 
slope.  All  these  areas  were  forested.  One  other  stream  branch  that  later  carried 
sewage  lagoon  and  swine  waste  from  outside  the  farm  was  not  used,  nor  was  the 
main  stream  below  this  point. 

Site  3  (Table  1)  was  the  upper  part  of  a  partly  spring  fed  side-branch  to  the  north.  In 
one  fork  the  former  landowner  had  emplaced  a  pipe,  which  still  had  a  continuous 
flow  of  spring  water  in  the  1970s.  In  that  decade  187  releases  were  made  near  this 
spring,  which  later  gradually  dried  up  in  the  1980s.  So  later  releases  were  made  in 
the  other  larger  fork. 

Site  4  (Table  1)  was  another  stream  side-branch,  where  the  same  former  landowner 
had  a  well  near  the  head  and  increased  seepage  flow  by  dynamiting  (probably  before 
1955).  The  well  still  overflowed  sometimes  in  early  1980,  and  releases  were  made 
for  several  years  (Table  1).  But  by  1990  the  well  overflow  had  stopped,  and 
downstream  flow  from  surface  runoff  also  ceased  in  most  summers,  though  small 
seepage  pools  persist  in  a  gully  further  downstream.  Forest  clearing  took  place  over 
100  years  ago  for  a  railroad  along  this  streamlet.  The  railroad  track  was  removed 
about  100  years  ago  (Shadwick,  1968,  p.  124).  So  nearby  trees  are  now  mostly 
slippery  elm  ( Ulmus  rubra),  black  walnut  ( Juglans  nigra),  and  shingle  oak  ( Quercus 
imbricaria),  though  large  white  oak  (Q.  alba)  and  shagbark  hickory  ( Carya  ovata)  are 
found  farther  down  the  ravine.  The  gully  section  of  the  stream  with  the  rock  pile  and 
flat  rocks  is  less  than  one  m  wide,  and  only  about  26  m  long. 

Site  5  (Table  1)  received  three  group  releases  in  1989,  in  the  main  valley  stream  by 
a  rock  pile  below  two  spring  areas.  There  was  also  a  riffle  area  here,  with  added  flat 
rocks.  This  release  was  attempted  because  this  part  of  the  stream  has  never  gone 
dry.  However,  the  stream  does  flood  up  over  its  banks  every  year  after  heavy  rains, 
and  this  would  reduce  egg  survival  except  perhaps  in  special  sheltered  locations. 

Site  6  (Table  1)  is  the  second  oldest  farm  release.  Eighty  salamanders  were  first 
released  in  1976  on  this  spring-seepage  slope,  and  more  later  (Table  1).  There  was 
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no  real  tributary  side-branch  stream  here,  and  the  nearby  main  stream  was  not  good 
habitat,  as  it  was  semi-polluted  and  sometimes  muddy  and  flooded.  This  part  of  the 
main  valley  was  selectively  lumbered  in  1972  and  earlier,  but  some  hickories  and 
white  oak  remain  on  and  above  this  west  facing  slope.  The  frequently  wet  part  of  the 
slope  is  less  than  200  square  m,  and  does  not  extend  to  the  stream. 

Site  7  (not  in  Table  1)  is  in  a  branch  of  a  second  smaller  river  tributary  stream  west 
of  the  main  farm  stream.  The  surrounding  oak-hickory-basswood  forest  is  good 
quality,  but  rocks  on  the  stream  bottom  are  limited.  On  4/25/96,  91  salamanders 
were  released. 


RESULTS 

Brown  County  Unimproved  Area  (Site  1) 

Only  a  very  few  animals  (less  than  5)  were  seen  during  the  release  years,  and  none 
for  years  afterward.  The  stream  below  the  release  area  completely  dried  up  during 
droughts  such  as  in  1980,  1983,  and  1988.  On  10/28/90  one  larva  and  six 
metamorphosed  animals  were  seen,  that  had  spread  downstream  and  also  up  both 
tributary  forks.  On  10/19/91  one  was  seen  in  each  fork,  and  on  9/26/92  and  9/25/93 
one  was  seen  up  one  fork  even  after  major  flooding.  On  5/2/93  two  salamanders  and 
one  larva  were  seen  in  the  main  tributary.  On  4/8/95  three  adults  and  three  larvae 
were  seen  in  or  by  the  main  stream  and  its  larger  branch.  On  4/22/96  I  saw  14  R 
cirrigera  in  about  one  hour's  searching,  and  two  large  rocks  with  a  total  of  at  least 
eight  separate  egg  masses.  More  could  have  been  found,  but  I  wished  to  limit 
possible  damage.  So  a  colony  is  surviving  here. 

Central  McDonough  County  Unimproved  Area  (Site  2) 

A  single  salamander  was  seen  on  10/8/88,  8/16/89,  11/1/90,  9/25/92,  and  4/8/95. 
None  were  seen  during  a  very  brief  visit  on  7/29/89.  On  8/27/91  (before  further 
releases)  two  adults  were  seen,  plus  one  larva  which  proved  local  reproduction.  A 
large  flood  occurred  shortly  before  the  1992  visit,  and  may  have  swept  some 
salamanders  downstream.  None  were  seen  sheltering  under  bottom  rocks  like  some 
of  the  aquatic  insects  (e.g.  Gerris  sp.),  and  the  one  salamander  seen  here  (and  also 
the  one  in  Brown  County  the  next  day)  was  on  the  ravine  slope  above  the  flood  level. 
A  one  and  a  half  hour  visit  on  10/15/93  revealed  11  metamorphosed  animals,  under 
rocks  from  down  near  the  stream  to  high  on  both  slopes  near  drainage  lines.  On 
5/14/96  four  adults,  one  larva,  and  one  egg  clutch  were  found  in  one  hour's  search,  in 
spite  of  disturbance  from  two  recent  floods.  The  female  who  left  the  egg  clutch 
because  the  rock  was  lifted,  hid  between  rocks  about  ten  cm  away,  and  was  seen  to 
return  to  the  clutch  about  five  minutes  after  the  rock  was  replaced.  It  appears  that  a 
healthy  colony  is  being  established. 

NE-Central  McDonough  County  Improved  Area  (Sites  3-7) 

The  translocations  made  on  this  one  farm  were  less  successful  than  the  above  two 
areas,  but  more  instructive.  Two-lined  salamanders  have  persisted  for  years  in  three 
of  these  five  places,  but  only  two  have  shown  evidence  of  reproduction.  Releases 
and  most  later  sightings  for  four  sites  are  shown  in  Table  1.  Brief  summaries  of  the 
observations  follow. 
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At  Site  3  some  salamanders  (not  shown  in  Table  1)  were  seen  after  releases  near  the 
pipe  spring  in  the  1970s.  A  little  downstream  in  this  fork  a  freshly  dead  animal  was 
seen  in  1983,  two  live  animals  in  1989,  and  another  in  1992.  Only  single  animals 
were  found  in  the  other  larger  fork  in  1987  and  1988  (releases  were  made  here  from 
1983-1990),  and  this  streamlet  began  to  dry  up  in  the  summers.  No  larvae  or 
metamorphosed  juveniles  were  found,  and  this  translocation  was  deemed 
unsuccessful.  Monitoring  will  continue,  but  no  animals  were  seen  in  1993-1996. 

Site  4  early  releases  were  in  the  upper  side  valley,  near  the  well.  Some  salamanders 
(not  shown  in  Table  1)  were  seen  here  for  a  short  time.  Farther  downstream,  in  a 
gully  where  moisture  remains  the  longest,  one  salamander  was  seen  in  1987,  and 
another  with  an  egg  clutch  in  1992.  The  streamlet  dried  up  shortly  after  hatching  in 
early  June,  resulting  in  hatchling  mortality.  In  wetter  1993,  an  egg  clutch  hatched, 
and  the  larvae  had  a  good  chance  of  survival  to  metamorphosis  in  1994.  In  1995,  two 
adults  were  seen  before  the  oviposition  season.  Three  egg  clutches  were  seen  in 
May,  and  one  larva  in  the  fall.  In  spring  1996  one  large  larva  was  seen  in  April,  and 
one  egg  clutch  with  a  brooding  female  in  May.  In  1996,  two  recently 
metamorphosed  animals  and  an  almost  metamorphosed  larva  were  seen  July  5th,  and 
three  small  1996  larvae  on  August  15th.  The  success  of  this  colony  is  limited  (Table 
1),  and  it  could  die  out  also  because  of  the  small  habitat  size. 

Site  5  has  never  yielded  any  sightings.  Stream  flooding  causes  too  much  erosion  and 
mud  deposition,  and  efforts  at  this  area  will  be  abandoned.  However,  in  fall  1993 
one  recently  metamorphosed  animal  was  found  at  least  1.2  km  downstream  and  up 
another  branch.  Of  course  this  individual  could  also  have  originated  farther  from  the 
main  stream,  at  Site  4  a  little  below  Site  5,  or  from  Site  3  or  6  farther  down  the 
valley  and  about  .75  km  above  the  sighting.  On  9/14/96,  an  adult  was  seen  near  the 
same  place.  Salamanders  with  this  pigment  pattern  were  only  released  at  Site  6 
after  1989,  so  this  is  the  most  likely  place  of  origin.  This  proves  that  the  two-lined 
salamander  can  be  dispersed  down  streams,  probably  aided  by  floods  which  were 
observed. 

In  Site  6  the  first  sighting  was  in  1986,  ten  years  after  the  first  release.  It  was  an 
immature  metamorphosed  animal,  probably  hatched  in  1984.  So  more  releases  were 
made,  and  in  1987  small  larvae  were  found  surviving  in  a  film  of  slope  seepage 
water  under  flat  rocks.  Altogether,  the  size  (age)  of  young  animals  sighted  indicated 
successful  hatchings  in  1984,  1986,  1987,  1989,  and  1991-1996.  Table  1  shows  that 
some  of  these  eggs  were  not  found.  A  female  was  seen  brooding  a  1992  egg  clutch, 
and  by  June  11th  had  excavated  a  little  depression  to  hold  slope  seepage  water  for 
the  recent  hatchlings  (another  female  at  Site  4  did  this  in  1993).  I  then  tranferred  the 
hatchlings  to  a  dug  pool  downslope,  though  subsequent  rains  would  probably  have 
accomplished  the  same  thing. 

As  Table  1  shows,  three  to  25  metamorphosed  salamanders  were  seen  here  annually, 
from  1986  to  1995,  plus  larvae  and  eggs.  Salamanders  were  usually  found  in  an  area 
of  less  than  100  square  m.  Some  individuals  were  seen  more  than  once  in  a  given 
year,  but  the  estimated  minimum  number  of  different  individuals  varied  from  three  to 
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at  least  eight.  These  came  from  age,  sex,  and  pigmentation  differences  sometimes 
recorded  in  the  field  notes.  In  1993  there  were  11  sightings  of  larvae.  As  many  as 
four  different  larvae  were  seen  in  one  visit,  but  one  egg  clutch  is  typically  larger  than 
this.  There  were  almost  certainly  more  than  four  larval  E.  cirrigera  living  at  Site  6  in 
late  1993,  and  probably  more  than  eight  metamorphosed  animals.  Only  six  visits 
were  possible  in  1994,  but  nine  salamanders,  three  larvae,  and  one  egg  clutch  were 
seen.  A  single  visit  on  4/6/95  revealed  seven  salamanders,  and  a  May  1995  visit 
yielded  four  females  and  three  egg  clutches.  Five  adults  and  one  larva  were  seen  in 
the  fall.  In  1996,  13  salamanders  were  seen  through  June  (six  in  one  day),  but  no 
larvae  or  eggs.  Sufficient  seepage  does  not  develop  immediately  after  rains,  and 
there  were  no  substantial  rains  till  May.  On  7/7/96  five  salmanders  and  three  1996 
larvae  were  found.  Color  differences  showed  that  only  one  of  the  1996  sightings 
possibly  was  from  the  ten  1996  releases.  Long  term  survival  of  this  small  colony 
obviously  depends  on  continued  spring  seepage  from  this  slope.  The  upland  area 
above  this  slope  is  protected  forest,  and  some  seepage  should  continue,  barring  major 
climatic  change. 

In  Site  7  one  salamander  was  seen  one  day  after  the  releases.  It  will  be  years  before 
the  success  of  this  last  small  release  can  be  evaluated. 

DISCUSSION 

As  of  mid  1996,  two  translocated  colonies  of  E  cirrigera  (Sites  6  and  1)  have 
survived  20  and  almost  20  years.  This  would  seem  to  meet  the  long  term  success 
criterion  suggested  by  Dodd  and  Seigel  (1991).  A  third  population  (Site  2)  is 
probably  doing  well  after  almost  nine  years.  Site  4  continues  after  16  years,  while 
Site  3  may  have  died  out  17  years  after  the  first  releases.  Site  5  in  the  main  farm 
stream,  showed  no  evidence  of  survival,  and  Site  7  is  too  recent  to  evaluate. 

Some  would  question  shortening  the  lives  of  a  large  number  of  salamanders  from 
even  a  common  species,  just  to  establish  a  few  additional  small  marginal  colonies. 
However  much  useful  information  has  been  generated,  which  should  be  helpful  in  the 
conservation  of  this  and  other  semiaquatic  salamanders:  (1)  Translocation  of  about 
200  individuals  appears  sufficient  to  establish  a  colony  in  good  habitat.  The  number 
could  be  smaller.  (2)  Under  special  circumstances,  the  wet  area  occupied  by  a 
colony  can  be  less  than  200  square  m,  or  even  26  square  m  of  stream  bottom.  (3) 
Two-lined  salamanders  can  survive  in  drier  west-central  Illinois,  when  more  suitable 
habitat  is  found  or  created.  (4)  Although  the  preferred  breeding  habitat  is  clear  rock- 
bottomed  streams  in  forested  areas,  seepage  slope  films  can  also  be  used, 
particularly  if  there  are  seepage  pools  downslope.  (5)  Pristine  forests  are  not 
necessary,  and  survival  can  occur  in  selectively  lumbered  redeveloping  oak-hickory 
forest.  (6)  My  experience  and  the  species  range  of  both  northern  and  southern  two- 
lined  salamanders  indicate  that  glaciated  regions  can  be  inhabited  if  rock  outcrop 
areas  are  reached,  or  if  enough  glacial  boulders  have  been  concentrated  onto  a 
stream  bottom  by  erosion  and  downslope  movement.  (7)  Non-outcrop  forest  streams 
will  also  support  two-lined  salamanders  if  rocks  are  added.  (8)  Eurycea  cirrigera 
can  disperse  at  least  .75  km  downstream.  (9)  Previously  unreported  behavior  for  two- 
lined  salamanders  but  not  Desmognathus  fuscus  (Bishop,  1941,  Fig.  60  and  page  316) 
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involves  excavation  of  a  water  filled  depression  below  the  eggs  by  a  brooding  female 
in  shallow  water.  The  brooding  drive  was  confirmed  by  one  female  who  returned  to 
her  eggs  shortly  after  being  disturbed,  and  by  others  who  stayed  in  place  when  the 
rock  was  lifted.  (10)  Devegetation  of  drainage  basins  tends  to  cause  xerification  and 
loss  and  deterioration  of  surface  waters  and  stream  flow  regimens,  and  should  be 
avoided  in  and  around  nature  preserves  for  semiaquatic  animals  like  the  two-lined 
salamander. 

This  last  point  cannot  be  overemphasized,  both  for  translocations  and  to  prevent 
extirpations  in  the  present  range.  No  area  is  exempt,  even  so-called  protected  areas, 
which  I  also  observed.  Agricultural  devegetation  and  house  building  upstream  and 
outside  of  Shades  State  Park,  Indiana,  have  caused  great  masses  of  sand  to  enter  one 
stream  from  erosion.  This  sand  mass  has  migrated  downstream  into  the  park  and 
partly  buried  the  rock  bottom  stream  habitat,  reducing  herptile  populations.  Such 
problems  could  possibly  be  ameliorated  if  inflowing  streams  were  monitored  at  park 
boundaries. 

Fortunately  for  conservationists  of  small  animals  like  the  two-lined  salamander,  it  is 
not  necessary  to  purchase  hundreds  of  acres  of  land  to  preserve  habitat  for  a  colony. 
If  one  protects  the  smaller  drainage  basin  of  a  terminal  end  branch  of  a  stream 
system,  there  will  be  no  upstream  devegetation,  erosion,  or  pollution  to  ruin  the 
stream.  A  forested  drainage  basin  area  as  small  as  5  ha  (about  12.5  acres)  is 
sufficient  to  support  a  colony  long  term.  Three  of  my  colonies  survive  in  smaller  wet 
areas,  although  these  are  surrounded  by  more  forest  habitat.  Of  course  a  still  larger 
area  is  better  for  long  term  survival,  and  some  springs  would  also  be  desirable. 
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Table  1.  Southern  Two-Lined  Salamander  releases  (R)  and  sightings  (S)  at  four  sites  on  a  farm  in  NE-central  McDonough  County, 
Illinois.  Releases  or  sightings  of  larvae  are  added  in  parentheses,  and  “e”  indicated  that  some  eggs  were  also  released  or  seen. 
A  fifth  release  in  a  different  stream  is  not  shown  here. 
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ABSTRACT 

Sixty-one  species  of  lichens  in  33  genera  are  reported  from  Livingston  County,  Illinois; 
27  are  of  the  crustose  growth  form,  23  are  foliose,  nine  are  fruticose,  one  is  gelatinous, 
and  one  is  veined.  An  annotated  species  list,  and  information  on  the  distribution  and 
habitats  for  each  species,  is  provided.  Although  none  of  these  represent  new  additions  to 
the  lichen  flora  of  Illinois,  none  were  previously  reported  for  Livingston  County. 

INTRODUCTION 

Livingston  County  is  located  in  the  northern  half  of  central  Illinois,  approximately  145 
km  (90  miles)  southwest  of  the  city  of  Chicago  (Figure  1).  It  has  an  area  of  270,404  ha 
(668,169  acres).  Although  it  is  the  fourth  largest  county  in  Illinois,  nearly  97%  of  it  is 
devoted  to  farming  and  agriculture,  leaving  very  little  left  in  the  way  of  natural  areas. 
According  to  Schwegman  (1973),  the  entire  county  lies  in  the  Grand  Prairie  Division  of 
Illinois'  natural  divisions:  the  Grand  Prairie  Section.  Topography  is  flat  to  gently  rolling 
with  the  elevation  averaging  around  200  m  (656  feet).  The  climate  of  north  central 
Illinois  is  considered  temperate  (Bair,  1992).  January  temperature  averages  -1.27°  C 
(29.7°  F)  maximum  to  -10.4°  C  (13.3°  F)  minimum.  July  temperature  averages  29.7°  C 
(85.5°  F)  maximum  to  18.11°  C  (64.6°  F)  minimum.  Almost  89  cm  (35  inches)  of 
precipitation  falls  in  one  year,  including  63  cm  (25  inches)  of  snow. 

The  presettlement  descriptions  of  Livingston  County  indicated  that  European  settlers 
found  it  to  be  "principally  prairie  land,"  adding  that  "timber  is  found  along  the  Vermilion 
River  and  its  branches."  Scattered  groves  of  trees  were  rare,  "not  exceeding  6%  of  the 
area,"  and  consisted  principally  of  "different  varieties  of  oak,  elm,  maple  and  walnut  ... 
while  ash,  cottonwood,  whitewood,  and  some  other  varieties  are  not  uncommon"  (The 
History  of  Livingston  County,  1878). 

The  scarcity  of  suitable  substrates,  along  with  occasional  prairie  fires,  probably  restricted 
the  lichen  flora  to  the  narrow  band  of  woods  along  the  Vermilion  River.  Today  timbered 
communities  still  exist  in  a  few  localities  along  the  Vermilion  River;  the  prairie  has  been 
replaced  by  corn  and  soybeans. 

Hyerczyk  (1996)  reported  77  lichens  from  nearby  Putnam  County,  and  Skorepa  (1970) 
reported  nine  species  from  adjacent  La  Salle  county  and  two  from  nearby  Marshall 
County,  but  nothing  in  the  literature  could  be  found  on  Livingston  County.  Since  no 
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studies  of  the  lichen  flora  of  Livingston  County,  Illinois  are  known,  this  study  was 
undertaken  to  document  it,  and  to  provide  information  of  distribution  and  habitats  of  these 
fungi. 


METHODS 

Between  1991  and  1996  seven  trips  were  made  into  Livingston  County  to  collect  voucher 
specimens  and  information  on  the  distribution  and  habitats  of  these  fungi:  December, 
1991;  May,  1992;  July  and  August,  1993;  June,  November  and  December,  1996. 

Six  sites  were  surveyed,  including  Humiston  Woods  Nature  Center  near  the  city  of 
Pontiac  and  Sunbury  Railroad  Prairie  State  Nature  Preserve  near  Budd,  as  well  as  Oak 
Lawn  cemetery  near  Dwight,  Rooks  Creek  cemetery  near  Graymount,  Sunnyslope 
cemetery  near  Saunemin,  and  Union  cemetery  near  Odell.  A  few  miscellaneous  collections 
were  made  near  Chatsworth,  Graymount,  Loretto,  and  Pontiac  (Figure  1). 

Spot  tests  for  lichen  chemical  substances  were  made  on  collected  specimens  using  sodium 
hypochlorite  (C)  and  potassium  hydroxide  (KOH).  Thin-layer  chromatography  following 
Culberson  (1972)  was  used  to  verify  secondary-product  chemistry  on  several  of  the 
Cladoniae.  Specimens  were  identified  using  keys  by  Brodo  (1988),  Hale  (1979),  and 
Wilhelm  (1995),  and  have  been  deposited  at  the  Morton  Arboretum  Herbarium  (MOR), 
Lisle,  Illinois. 


RESULTS 

Sixty-one  species  of  lichens  in  33  genera  are  reported  from  Livingston  County,  Illinois. 
Twenty-seven  are  of  the  crustose  growth  form,  23  are  foliose,  nine  are  fruticose,  one  is 
gelatinous,  and  one  is  veined  (Appendix  1).  Thirty-four  were  considered  to  be  rare,  19 
were  occasional,  four  were  frequent,  and  four  were  common.  Nearly  42%  were  generally 
found  on  corticolous  substrates,  30%  were  saxicolous,  20%  were  lignicolous,  and  8% 
were  terricolous. 

It  should  be  noted  that  over  40%  of  the  collection  came  from  Humistan  Woods  Nature 
Center.  This  was  the  largest  site  surveyed,  and  also  had  many  more  substrates  and 
habitats  available  for  lichens  to  colonize,  which  may  explain  the  high  number  of  species 
(Appendix  2).  Fewer  species  were  found  at  the  remaining  study  sites,  a  fact  that  may  be 
attributed  to  their  smaller  land  area  and  scarcity  of  available  substrates  and  habitats 
(Appendix  3). 

A  comparison  of  the  Livingston  County  flora  with  that  of  surrounding  counties  finds 
some  similarity.  This  area  of  Illinois  is  largely  in  the  Grand  Prairie  Division,  and  is 
mainly  rural  in  character.  Many  of  the  same  species  of  lichens  are  found  throughout  the 
four  county  region  in  the  few  natural  areas  that  remain.  For  Skorepa's  (1970)  paper,  both 
of  the  species  that  he  reported  from  Marshall  County,  and  eight  of  the  nine  that  he 
reported  for  La  Salle  County,  were  also  found  in  Livingston  County.  In  addition,  over 
60%  of  the  species  found  in  Livingston  County  are  also  known  from  Putnam  County 
(Hyerczyk,  1996). 
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APPENDIX  1 

What  follows  is  an  annotated  list  of  the  lichenized  fungi  from  Livingston  County, 
Illinois,  arranged  alphabetically  by  genera  and  their  species.  Presence,  along  with  a  brief 
description  of  habitat,  is  followed  by  the  growth  form  and  substrate(s)  of  each  species, 
which  are  listed  in  brackets  [  ].  Locations  of  collections  are  abbreviated,  and  are  identified 
by  a  capital  letter  following  the  collection  number:  HW  (Humistan  Woods  Nature 
Center),  SRP  (Sunbury  Railroad  Prairie  Nature  Preserve),  OL  (Oak  Lawn  Cemetery),  RC 
(Rooks  Creek  Cemetery),  SS  (Sunny  Slope  Cemetery),  U  (Union  Cemetery). 
Miscellaneous  collections  are  identified  by  the  name  of  the  nearest  city  preceding  the 
description  of  habitat.  All  collections  were  made  by  the  author.  Nomenclature  and 
authorities  follow  Esslinger  &  Egan  (1995). 

AMANDINEA  Choisy  ex  Scheid.  &  H.  Mayrh. 

Amandinea  punctata  (Hoffm.)  Coppins  &  Scheid.  Frequent;  on  the  lower  trunk  of 
Tilia  americana  (270-U);  near  Loretto  on  a  wooden  fence  post  (301);  on  a  weathered 
wood  rail  fence  (1462-HW).  [CRUSTOSE  /  CORTICOLOUS  -  LIGNICOLOUS]. 

ANISOMERIDIUM  (Mull.  Arg.)  Choisy 

Anisomeridium  nyssigenum  (Ellis  &  Everh.)  R.  C.  Harris.  Rare;  on  the  lower  trunk 
of  Que^cus  macrocarpa  in  a  mesic  oak  woodland  (1433-HW).  [CRUSTOSE  / 
CORTICOLOUS]. 

ARTHONIA  Ach. 

Arthonia  caesia  (Flotow)  Korber.  Occasional;  on  the  lower  trunk  of  Prunus  serotina 
in  a  mesic  woodland  (866-HW).  It  is  also  found  on  Carya  ovata,  Gleditsia 
triacanthos  and  Ulmus  americana.  [CRUSTOSE  /  CORTICOLOUS]. 

BACIDIA  De  Not. 

Bacidia  granosa  (Tuck.)  Zahlbr.  Occasional;  on  gravel  in  damp,  shady  areas.  (888- 
HW).  [CRUSTOSE  /  SAXICOLOUS]. 

BACIDINA  Vezda 

Bacidina  egenula  (Nyl.)  Vezda.  Occasional;  on  gravel  in  damp,  shady  areas  (1476- 
SRP).  [CRUSTOSE /SAXICOLOUS]. 

CALOPLACA  Th  Fr. 

Caloplaca  atroalba  (Tuck.)  Zahlbr.  Occasional;  near  Graymount  on  a  dolomite 
conglomerate  in  Rooks  Creek  (373);  on  dolomite  boulders  along  the  Vermilion  River 
(1470-HW).  [CRUSTOSE  /SAXICOLOUS]. 

Caloplaca  feracissima  H.  Magn.  Common;  on  gravel  (1430-SRP),  near  Chatsworth 
on  gravel  (1480)  and  on  a  wooden  railroad  tie  (1481);  on  concrete  (293-U);  on  concrete 
(295-HW).  [CRUSTOSE /LIGNICOLOUS  -  SAXICOLOUS]. 

Caloplaca  holocarpa  (Hoffm.  ex  Ach.)  M.  Wade.  Occasional;  near  Pontiac  at  the  base 
of  Populus  deltoides  (298)  and  on  a  wooden  bridge  deck  (864).  [CRUSTOSE/ 
CORTICOLOUS  -  LIGNICOLOUS]. 

Caloplaca  lithophila  H.  Magn.  Occasional;  on  a  dolomite  headstone  (1437-RC). 
[CRUSTOSE  /  SAXICOLOUS]. 
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Caloplaca  microphyllina  (Tuck.)  Hasse.  Rare;  on  a  weathered  wood  rail  fence  (1478- 
SS).  [CRUSTOSE/LIGNICOLOUS]. 

Caloplaca  schaereri  (Florke)  Zahlbr.  Rare;  on  a  granite  boulder  along  the  shore  of  the 
Vermilion  River  (1493-HW).  [CRUSTOSE/  SAXICOLOUS]. 

CANDELARIA  A.  Massal. 

Candelaria  concolor  (Dickson)  Stein.  Common;  on  the  trunk  of  Fraxinus 
quadrangulata  (278-U);  near  Pontiac  on  Celtis  occidentalis  (294);  near  Dwight  on  F. 
quadrangulata  (306).  [FOLIOSE/CORTICOLOUS]. 

Candelaria  concolor  var.  effusa  (Tuck.)  G.  Merr.  &  Burnham.  Occasional;  near 
Pontiac  on  the  trunk  of  Juniperus  virginiana  (865).  [FOLIOSE  /  CORTICOLOUS1. 

CANDELARIELLA  Mull.  Arg. 

Candelariella  aurella  (Hoffm.)  Zahlbr.  Rare;  near  Pontiac  on  a  wooden  bridge  deck 
(862).  [CRUSTOSE/LIGNICOLOUS]. 

Candelariella  reflexa  (Nyl.)  Lettau.  Rare;  on  a  weathered  wood  rail  fence  in  a  shaded 
oak  woodland  (1432-HW).  [CRUSTOSE/LIGNICOLOUS]. 

Candelariella  xanthostigma  (Ach.)  Lettau.  Rare;  on  the  lower  trunk  of  Quercus 
macrocarpa  (870-HW).  [CRUSTOSE/ CORTICOLOUS]. 

CLADONIA  P.  Browne 

Cladonia  coniocraea  (Florke)  Sprengel.  Rare;  on  a  moss  covered  decorticate  log  in  a 
mesic  oak  woodland  (874-HW).  [FRUTICOSE  /  LIGNICOLOUS]. 

Cladonia  cryptochlorophaea  Asah.  Rare;  on  weathered  clay  along  a  sunny  path  (880- 
HW).  [FRUTICOSE /TERRICOLOUS]. 

Cladonia  didyma  (Fee)  Vainio.  Rare;  on  a  decorticate  log  in  a  mesic  oak  woodland 
(875-HW).  [FRUTICOSE /LIGNICOLOUS]. 

Cladonia  furcala  (Hudson)  Schrader.  Rare;  on  weathered  clay  along  a  sunny  path  (884- 
HW).  [FRUTICOSE /TERRICOLOUS]. 

Cladonia  macilenta  var.  bacillaris  (Genth)  Schaerer.  Rare;  on  moss  covered 
decorticate  logs  in  a  mesic  oak  woodland  (876-HW).  [FRUTICOSE  /  LIGNICOLOUS]. 

Cladonia  peziziformis  (With.)  J.  R.  Laundon.  Rare;  on  weathered  clay  in  a  park-like 
picnic  area  (1461-HW).  [FRUTICOSE /TERRICOLOUS]. 

Cladonia  ramulosa  (With.)  J.  R.  Laundon.  Rare;  on  a  decorticate  log  in  a  mesic  oak 
woodland  (1435-HW).  [FRUTICOSE /LIGNICOLOUS]. 

Cladonia  subulata  (L.)  F.  H.  Wigg.  Rare;  on  a  decorticate  log  in  a  mesic  oak 
woodland  (886-  HW).  [FRUTICOSE /LIGNICOLOUS]. 

Cladonia  symphycarpa  (Florke)  Fr.  Rare;  on  moss  covered  clay  along  a  sunny  path 
(883-HW).  [FRUTICOSE /TERRICOLOUS]. 

CYPHELIUM  Ach. 

Cyphelium  tigillare  (Ach.)  Ach.  Rare;  on  a  weathered  wood  rail  fence  (1478-SS). 
[CRUSTOSE  /  LIGNICOLOUS]. 

ENDOCARPON  Hedwig 

Endocarpon  pusillum  Hedwig.  Occasional;  on  limestone  gravel  (292-U).  It  is  also 
found  on  weathered  concrete.  [CRUSTOSE  /  SAXICOLOUS]. 
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FL A VOP ARMELI A  Hale 

Flavoparmelia  caperata  (L.)  Hale.  Rare;  on  a  decorticate  log  in  a  mesic  woodland 
(885-HW).  [FOLIOSE  /  LIGNICOLOUS]. 

FLAVOPUNCTELIA  (Krog)  Hale 

Flavopunctelia  soredica  (Nyl.)  Hale.  Rare;  on  the  lower  trunk  of  Quercus  rubra 
(889-OL).  [FOLIOSE  /  CORTICOLOUS]. 

GRAPHIS  Adans. 

Graphis  scripta  (L.)  Ach.  Rare;  on  the  trunk  of  Carya  ovata  in  a  mesic  woodland 
(867-HW).  It  is  also  found  on  the  lower  trunks  of  Acer  saccharum  and  Celtis 
occidentalis.  [CRUSTOSE  /  CORTICOLOUS]. 

HYPERPHYSCIA  Mull.  Arg. 

Hyperphyscia  adglutinata  (Florke)  Mayrh.  &  Poelt.  Occasional;  on  the  lower  trunk 
of  Fraxinus  quadrangulata  (273-U).  [FOLIOSE  /  CORTICOLOUS]. 

LECANORA  Ach. 

Lecanora  dispersa  (Pers.)  Sommerf.  Common;  on  gravel  (1474-SRP);  on  weathered 
concrete  (291-U);  near  Pontiac  on  a  wooden  bridge  deck  (861).  [CRUSTOSE  / 
LIGNICOLOUS  -  SAXICOLOUS]. 

Lecanora  muralis  (Schreber)  Rabenh.  Rare;  on  concrete.  (1431-SS).  [CRUSTOSE  / 
SAXICOLOUS]. 

Lecanora  strobilina  (Sprengel)  Kieffer.  Occasional;  on  the  lower  trunk  of  Carya 
ovata  (1463-  HW);  on  a  weathered  wood  rail  fence  (1473-U).  [CRUSTOSE  / 
CORTICOLOUS  -  LIGNICOLOUS]. 

LEPRARIA  Ach. 

Lepraria  lobificans  Nyl.  Rare;  on  the  lower  trunk  of  Quercus  macrocarpa  (868-HW). 
It  is  also  found  on  the  lower  trunks  of  Celtis  occidentalis ,  Fraxinus  americana  and 
Quercus  alba.  [CRUSTOSE  /  CORTICOLOUS]. 

LEPTOGIUM  (Ach.)  Gray 

Leptogium  cyanescens  (Rabenh.)  Korber.  Rare;  near  Graymount  on  a  dolomite 
conglomerate  along  the  shore  of  Rooks  Creek  (374).  [GELATINOUS  /  SAXICOLOUS]. 

LICHENOTHELIA  D.  Hawksw. 

Lichenothelia  sp.  Rare;  on  a  pink  granite  boulder  (1492-HW).  [CRUSTOSE  / 
SAXICOLOUS]. 

MYELOCHROA  (Asah.)  Elix  &  Hale 

Myelochroa  aurulenta  (Tuck.)  Elix  &  Hale.  Rare;  on  a  dead  Fraxinus  sp.  in  a  mesic 
woodland  (882-HW).  [FOLIOSE /CORTICOLOUS]. 

OPEGRAPHA  Ach. 

Opegrapha  atra  Pers.  Rare;  on  the  lower  trunk  of  Ulmus  americana  in  a  mesic 
woodland  (1434-HW).  [CRUSTOSE /CORTICOLOUS]. 
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PELTIGERA  Willd. 

Peltigera  rufescens  (Weiss)  Humb.  Rare;  on  moss  covered  clay  along  a  sunny  path 
(878-HW)  and  on  weathered  clay  in  a  park-like  picnic  area  (1464-HW).  [VEINED  / 
TERRICOLOU  S  ] . 

PERTUSARIA  DC. 

Pertusaria  pustulata  (Ach.)  Duby.  Rare;  on  the  lower  trunk  of  Carya  ovata  in  a 
mesic  woodland  (88 1-HW).  [CRUSTOSE  /  CORTICOLOUS]. 

PHAEOPHYSCIA  Moberg 

Phaeophyscia  cernohorskyi  (Nadv.)  Essl.  Occasional;  on  a  marble  headstone  in  a 
cemetery  (1436-RC).  [FOLIOSE/ SAXICOLOUS]. 

Phaeophyscia  ciliata  (Hoffm.)  Moberg.  Occasional;  on  the  trunk  of  Fraxinus 
quadrangulata  (288-U)  and  on  a  marble  headstone  (287-U);  on  a  dolomite  headstone 
(858-OL).  [FOLIOSE  /  CORTICOLOUS  -  SAXICOLOUS]. 

Phaeophyscia  orbicularis  (Necker)  Moberg.  Occasional;  on  a  marble  headstone  (379- 
OL).  [FOLIOSE /SAXICOLOUS]. 

Phaeophyscia  rubropulchra  (Degel.)  Essl.  Frequent;  on  the  trunk  of  Fraxinus 
quadrangulata  (281-U);  on  the  trunk  of  F.  quadrangulata  (873-HW).  [FOLIOSE  / 
CORTICOLOUS]. 

PHYSCIA  (Schreber)  Michaux 

Physcia  adscendens  (Fr.)  H.  Olivier.  Occasional;  on  Fraxinus  quadrangulata  (282- 
U);  on  a  dolomite  headstone  (855-OL).  [FOLIOSE  /  CORTICOLOUS  -  SAXICOLOUS]. 

Physcia  aipolia  (Ehrh.  ex  Humb.)  Fiirnr.  var.  aipolia.  Rare;  on  the  lower  trunk  of 
Ulmus  americana  (1472-HW).  [FOLIOSE  /  CORTICOLOUS]. 

Physcia  millegrana  Degel.  Common;  on  Platanus  occidentalis  (277-U);  near 
Pontiac  on  Fraxinus  quadrangulata  (296);  near  Dwight  on  F.  quadrangulata  (304). 
[FOLIOSE  /  CORTICOLOUS]. 

Physcia  stellaris  (L.)  Nyl.  Frequent;  near  Pontiac  on  Acer  sp.  (297);  on  Fraxinus 
quadrangulata  (285-U);  near  Dwight  on  F.  quadrangulata  (305).  [FOLIOSE  / 
CORTICOLOUS]. 

PHYSCIELLA  Essl. 

Physciella  chloantha  (Ach.)  Essl.  Occasional;  on  the  trunk  of  Fraxinus 
quadrangulata  (279-U);  on  a  marble  headstone  (857-OL).  [FOLIOSE  /  CORTICOLOUS  - 
SAXICOLOUS]. 

PHYSCONIA  Poelt 

Physconia  detersa  (Nyl.)  Poelt.  Frequent;  near  Dwight  on  the  trunk  of  Fraxinus 
quadrangulata  (302);  on  a  dolomite  headstone  (854-OL);  on  a  lower  branch  of  Ulmus 
americana  (1471-HW).  [FOLIOSE  /  CORTICOLOUS  -  SAXICOLOUS]. 

Physconia  kurokawae  Kashiw.  Rare;  on  a  dolomite  headstone  (275-U)  and  on 
Fraxinus  quadrangulata  (276-U).  [FOLIOSE  /  CORTICOLOUS  -  SAXICOLOUS]. 

PUNCTELIA  Krog 

Punctelia  bolliana  (Mull.  Arg.)  Krog.  Rare;  on  Fraxinus  quadrangulata  (274-U). 
[FOLIOSE  /  CORTICOLOUS]. 
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Punctelia  missouriensis  Wilhelm  &  Ladd.  Rare;  on  the  lower  trunk  of  Liriodendron 
tulipifera  (860-OL).  [FOLIOSE  /  CORTICOLOUS]. 

Punctelia  rudecta  (Ach.)  Krog.  Occasional;  on  the  lower  trunk  of  Liriodendron 
tulipifera  (378-OL).  [FOLIOSE/ CORTICOLOUS]. 

RIMELIA  Hale  &  Fletcher 

Rimelia  reticulata  (Taylor)  Hale  &  Fletcher.  Rare;  at  the  base  of  Carya  ovata  (1465- 
HW).  [FOLIOSE /CORTICOLOUS]. 

SARCOGYNE  Flotow 

Sarcogyne  regularis  Korber.  Rare;  on  dolomite  gravel  (1429-SRP).  [CRUSTOSE  / 
SAXICOLOUS]. 

THELOCARPON  Nyl.  e*  Hue 

Thelocarpon  laureri  (Flotow)  Nyl.  Rare;  on  a  weathered  wooden  fence  (1475-SRP). 
[CRUSTOSE  /  LIGNICOLOUS]. 

VERRUCARIA  Schrader 

Verrucaria  calkinsiana  Servit.  Occasional;  on  limestone  gravel  (290-U). 
[CRUSTOSE  /  SAXICOLOUS]. 

XANTHORIA  (Fr.)  Th.  Fr. 

Xanthoria  fallax  (Hepp)  Arnold  Occasional;  on  Fraxinus  quadrangulata  (284-U); 
near  Dwight  on  F .quadrangulata  (303);  on  a  marble  headstone  (856-OL).  [FOLIOSE  / 
CORTICOLOUS  -  SAXICOLOUS]. 

Xanthoria  sp.  #1  sensu  MOR  herbarium.  Occasional;  on  a  marble  headstone  (286-U); 
on  a  dolomite  headstone  (853-OL).  [FOLIOSE  /  SAXICOLOUS]. 
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APPENDIX  2 

Humiston  Woods  Nature  Center  is  a  remnant  hardwood  forest  of  the  Vermilion  River 
system.  The  Vermilion  River  and  Wolf  Creek  form  the  outer  boundaries  of  this  120  ha 
(300  acre)  private  preserve.  A  variety  of  habitats  are  found  here  including  mesic 
woodlands  with  Acer  saccharum  Marshall,  Celtis  occidentalis  L.,  Fraxinus  americana 
L.,  Quercus  rubra  L.,  and  Staphylea  trifolia  L.;  wooded  floodplains  of  the  Vermilion 
River  and  Wolf  Creek  with  Tilia  americana  L.  and  Ulmus  americana  L.;  and  oak- 
hickory  woods  with  Carya  ovata  (Mill.)  K.  Koch,  Quercus  alba  L.,  and  Q.  macrocarpa 
Michx.  The  majority  of  lichens  found  here  were  growing  on  the  trunks  and  lower 
branches  of  living  trees,  as  well  as  on  decorticate  logs,  but  some  were  also  found  on 
weathered  wood  rail  fencing,  boulders,  gravel,  concrete  and  weathered  clay.  A  total  of  45 
species  were  found. 

Growing  on  trees:  Anisomeridium  nyssigenum,  Arthonia  caesia,  Candelaria  concolor, 
Candelariella  xanthostigma,  Flavoparmelia  caperata,  Graphis  scripta,  Lecanora 
strobilina,  Lepraria  lobificans,  Myelochroa  aurulenta,  Opegrapha  atra,  Pertusaria 
pustulata,  Phaeophyscia  cernohorskyi,  P.  ciliata,  P.  rubropulchra,  Physcia  aipolia, 
P.  millegrana,  P.  stellaris,  Physciella  chloantha,  Physconia  detersa,  Punctelia 
bolliana,  P.  rudecta,  Rimelia  reticulata,  and  Xanthoria  sp.  #1; 

...on  decorticate  logs:  Cladonia  didyma,  C.  macilenta  var.  bacillaris,  C.  ramulosa,  and 
C.  subulata\ 

...on  weathered  wood  rail  fencing:  Amandinea  punctata,  Caloplaca  holocarpa, 
Candelariella  reflexa,  and  Xanthoria  fallax\ 

...on  rocks  or  concrete:  Bacidia  granosa,  Bacidina  egenula,  Caloplaca  atroalba,  C. 
feracissima,  C.  schaereri,  Endocarpon  pusillum,  Lecanora  dispersa,  and- 
Lichenothelia  sp.; 

...on  weathered  clay:  Cladonia  coniocraea,  C.  cryptochlorophaea,  C.  furcata,  C. 
peziziformis,  C.  symphycarpa,  and  Peltigera  rufescens. 
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APPENDIX  3 

Sunbury  Railroad  Prairie  State  Nature  Preserve  is  a  remnant  5  ha  (12  acre)  prairie  that 

runs  along  an  abandoned  railroad  line.  Gravel  and  weathered  wood  were  the  most  common 

substrates  available  here  for  lichens.  A  total  of  9  species  were  found. 

Growing  on  gravel:  Bacidina  egenula,  Caloplaca  feracissima,  Endocarpon  pusillum, 
Lecanora  dispersa,  Sarcogyne  regularis,  and  Verrucaria  calkinsiana; 

...on  a  wooden  fence  post  and  a  sign:  Amandinea  punctata,  Physcia  stellaris,  and 
Thelocarpon  laureri. 

In  the  four  cemeteries,  weathered  concrete,  dolomite  and  marble  headstones,  and  trees  such 
as  Fraxinus  quadrangulata  Michx.,  Juglans  nigra  L.,  Juniperus  virginiana  L., 
Liriodendron  tulipifera  L.,  Platanus  occidentalis  L.,  and  Quercus  rubra  L.,  were  the 
most  common  substrates  available  for  lichens.  A  total  of  24  species  were  found. 

Growing  on  headstones:  Caloplaca  lithophila,  Phaeophyscia  cernohorskyi,  P.  ciliata, 
P.  orbicularis,  Physcia  adscendens,  Physconia  detersa,  P.  kurokawae,  and  Xanthoria 
sp.  #1; 

...on  concrete:  Caloplaca  feracissima,  Endocarpon  pusillum,  Lecanora  dispersa,  and 
Lecanora  mur alls', 

...on  wood  rail  fencing:  Caloplaca  microphyllina,  Cyphelium  tigillare,  and  Lecanora 
strobilina ; 

...on  tree  trunks:  Candelaria  concolor,  Candelaria  concolor  var.  effusa, 

Flavopunctelia  soredica,  Hyperphyscia  adglutinata,  Physcia  millegrana,  Physciella 
chloantha,  Punctelia  missouriensis,  P.  rudecta,  and  Xanthoria  fallax. 
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Figure  1.  Location  of  collection  sites  within  Livingston  County,  Illinois. 


No.  Nearest  City 

1 .  Sunbury  Railroad  Prairie  Nature  Preserve .  Budd 

2.  Humistan  Woods  Nature  Center .  Pontiac 

3.  Union  Cemetery .  Odell 

4.  Rooks  Creek  Cemetery .  Gray  mount 

5.  Oak  Lawn  Cemetery .  Dwight 

6.  Sunnyslope  Cemetery .  Saunemin 

7  .  Chatsworth 

8  .  Loretto 
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ABSTRACT 

Constructed  wetlands  have  been  developed  to  remove  agricultural  non-point  source 
pollution  from  tile  drainage  waters  in  the  Midwest,  but  their  effectiveness  and  function  are 
not  known.  This  study  investigated  the  interaction  of  C  availability  and  temperature  on 
N03‘  removal  from  water  columns  in  a  constructed  wetland.  Experimental  mesocosms 
(20.32  cm  diameter  PVC  pipes)  were  buried  upright  to  a  depth  of  15  cm  into  wetland 
sediments  to  enclose  a  7.5  L  water  column  (23  cm  depth).  Six  mesocosms  were  placed  in 
areas  with  bare  soil  and  six  were  placed  in  areas  supporting  reed  canary  grass  ( Phalaris 
arundinacea).  Treatments  were  either  N03‘  additions  (10  mg  N03'-N  L'1  increase  in 
concentration  in  water  column)  or  N03'  plus  glucose  additions  (10  mg  N03'-N  L'1  and  50 
mg  C  L'1  increases  in  water  column)  to  the  mesocosms  during  April  and  June.  In  April, 
(1 1-1 2°C  water  temperature)  over  a  7  day  time  span,  N03'  concentrations  in  the  overlying 
water  decreased  approximately  50%  in  non-grass  treatments,  with  or  without  glucose 
additions.  All  or  nearly  all  of  the  N03'  was  removed  from  the  grass  mesocosms  in  April, 
and  glucose  additions  did  not  increase  the  removal  rate.  In  June  (27°C  water  temperature) 
N03‘  concentrations  decreased  to  zero  for  all  treatments  in  48  hours  or  less.  Presence  of 
grass  did  not  affect  the  rate  of  N03'  decrease;  however,  glucose  additions  increased  the  rate 
to  <  24  hours.  When  calculated  on  a  mass  basis  in  the  N03'  only  mesocosms,  removal 
of  N03*  was  0.25  and  0.42  g  N03'-N  m'2  d‘!  in  the  April  non-grass  and  grass  treatments, 
respectively,  and  1.6  and  1.4  g  N03'-N  m'2  d'1  in  the  June  corresponding  treatments. 
Calculated  Q10  values  of  N03'  removal  per  day  for  non-grass  and  grass  treatments  were  3.3 
and  2.2,  respectively.  Depending  on  amounts  and  seasonal  timing  of  inputs  of  N03'  to 
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the  wetlands,  mesocosm  results  suggest  that  large  amounts  of  N03'  can  be  removed  from 
the  overlying  water  by  a  combination  of  sediment  and  plant  mechanisms. 

INTRODUCTION 

Constructed  wetlands  have  been  used  to  remove  a  variety  of  pollutants  from  various 
sources,  including  sewage  effluent,  mine  drainage,  and  urban  runoff.  This  is  due  to  the 
ability  of  wetlands  to  retain  a  wide  range  of  nutrients  and  toxic  metals  (Gambrell,  1994; 
Kadlec  and  Knight,  1996).  Recently,  studies  have  been  evaluating  the  feasibility  and 
capability  of  constructed  wetlands  to  remove  nutrients  and  pesticides  from  agricultural 
non-point  source  pollution  (Kovacic  et  al.,  1996).  This  is  particularly  important  in 
Illinois,  where  large  amounts  of  agricultural  chemicals  enter  surface  waters  that  are  often 
used  as  drinking  water  sources.  Agricultural  non-point  source  pollution  can  cause  N03' 
concentrations  in  surface  waters  of  Illinois  to  exceed  health  advisory  standards  (Osborne 
and  Kovacic,  1993). 

Riparian  buffer  strips  have  been  shown  to  reduce  inputs  of  agricultural  chemicals  to 
surface  waters  in  some  agricultural  areas,  although  the  removal  mechanisms  for  various 
chemicals  have  not  been  clearly  identified  (Hill,  1996).  However,  in  Illinois  nearly  40% 
of  agricultural  land  is  artificially  drained  with  perforated  tile  lines  (Fausey  et  al.,  1995) 
that  shunt  runoff  to  surface  waters,  bypassing  any  riparian  zones.  Constructed  wetlands 
can  be  positioned  to  intercept  tile  drainage,  allowing  chemicals  such  as  N03'  to  be 
removed  before  drainage  waters  enter  surface  waters  (Kovacic  et  al.,  1996).  Nitrate  can  be 
removed  from  wetland  water  by  two  main  processes:  microbial  denitrification  and  plant 
uptake.  Organic  carbon  (C)  is  needed  as  an  electron  donor,  and  can  be  a  major  limiting 
factor  controlling  denitrification  (McCarty  and  Bremner,  1993),  along  with  availability  of 
N03‘  (Seitzinger,  1994).  Plants  can  add  C  to  wetland  ecosystems  through  litter  (above- 
and  below-ground)  and  rhizopshere  sources,  as  well  as  incorporate  N03’  into  biomass.  A 
constant  source  of  mineralizable  C  is  needed  in  the  wetland  sediments  to  keep 
denitrification  processes  active.  Because  denitrification  is  a  microbial  process,  it  is 
temperature  dependent  and  denitrification  may  be  limited  during  winter  and  early  spring 
conditions  (Hill,  1996). 

In  east-central  Illinois,  five  wetlands  have  been  constructed  to  receive  tile  drainage  from 
agricultural  fields  (Kovacic  et  al.,  1996).  In  the  subsurface  drainage  tiles  that  transport 
agricultural  runoff  to  these  wetlands,  we  found  high  N03'  concentrations  (David  et  al., 
1997),  but  low  concentrations  of  dissolved  organic  C  (DOC).  We  hypothesized  that  C 
may  be  limiting  denitrification  in  these  wetlands,  and  that  a  C  source,  from  either  plants 
or  added  glucose,  could  enhance  denitrification.  In  addition  to  C  availability,  we 
hypothesized  that  seasonal  variations  in  temperature  and  plant  growth  would  also  affect 
the  rate  of  decrease  of  N03‘  from  these  wetlands.  Therefore,  our  objective  was  to 
investigate  the  interaction  of  C  availability  and  temperature  on  N03'  removal  from  the 
water  column  in  a  constructed  wetland. 
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METHODS 

Our  study  site  was  located  along  the  Embarras  River  about  20  km  south  of  Champaign- 
Urbana,  Illinois.  Five  wetlands  were  constructed  in  1994  to  intercept  tile  drainage  lines 
from  corn-soybean  agricultural  fields  (Kovacic  et  al.,  1996).  They  were  constructed  by 
excavating  soil  from  land  that  was  in  pasture  to  form  a  berm  near  the  river,  which  allowed 
tile  water  to  be  detained  in  wetlands  ranging  in  size  from  0.5  to  2  ha.  Within  each 
wetland  area,  strips  of  soil  were  removed  for  berm  construction,  which  left  variable  areas 
of  undisturbed  soil.  The  experiments  presented  here  were  on  relatively  undisturbed  soil 
between  excavated  strips. 

Following  construction,  soil  samples  were  collected  by  depth  (0-10,  10-30,  30-50,  and 
50-100  cm)  at  approximately  eight  locations  in  each  wetland,  four  in  disturbed  areas  and 
four  in  relatively  undisturbed  areas.  Results  reported  here  are  for  the  undisturbed  soils 
where  the  mesocosm  studies  were  conducted.  Soil  samples  were  air-dried,  sieved  (2  mm), 
and  subsamples  ground  to  40  mesh  (~0.4  mm).  Oven-dry  mass  was  determined  at  105°C, 
and  used  to  correct  all  measurements  on  air-dry  soil.  Sieved  soil  was  used  for 
determination  of  pH  in  water  (1:1  soiksolution  ratio;  Blume  et  al.,  1990)  and  extractable 
phosphorus  (P)  (Olsen  and  Sommers,  1982).  Ground  soil  was  analyzed  for  total  organic 
matter  by  loss-on-ignition  (combustion  at  450°C  for  18  h),  organic  C  using  a  LECO 
analyzer  (Nelson  and  Sommers,  1982),  and  total  N  by  Kjeldahl  digestion  (Bremner  and 
Mulvaney,  1982)  followed  by  measurement  of  NH4  using  an  automated  phenate  method 
(APHA,  1989). 

Experimental  mesocosms  were  used  to  determine  the  rate  and  mechanisms  of  N03‘ 
removal  in  one  of  the  constructed  wetlands.  Twelve-20.32  cm  inside  diameter  PVC  pipes 
were  used  as  mesocosms  and  buried  upright  to  a  depth  of  15  cm  into  the  sediment  to 
enclose  a  7.5  L  water  column  (23  cm  depth).  Six  of  the  mesocosms  were  placed  in  areas 
with  reed  canary  grass  ( Phalaris  arundinacea )  and  six  in  areas  with  bare  soil.  Treatments 
(three  replicates  each)  were  then  randomly  applied  to  each  group  of  mesocosms  that 
consisted  of  either  N03'  additions  (10  mg  N03'-N  L'1  increase  in  concentration  in  water 
column)  or  N03"  plus  glucose  additions  (10  mg  N03'-N  L'1  and  50  mg  C  L'1  increases  in 
water  column).  Initial  concentrations  of  N03'  and  C  varied  slightly  following  the 
additions  due  to  ambient  concentrations  present.  Nitrate  was  added  (as  Ca(N03)2  •  4H20) 
to  bring  the  concentration  to  at  least  10  mg  N03  -N  L'1  because  tile  water  entering  the 
wetlands  is  generally  between  5-15  mg  N03'-N  L'1  (Kovacic  et  al.,  1996). 

Following  the  additions  of  N03'  and  C,  mesocosm  water  was  sampled  4  or  5  times  in  7 
days,  depending  on  the  rate  of  decrease  of  N03'  from  the  water  column,  including  an 
initial  sample  after  the  additions  were  made.  Samples  were  obtained  by  gently  mixing  the 
overlying  water  in  each  mesocosm  (without  sediment  disturbance)  before  sampling  and 
then  collecting  a  small  volume  of  water  (100  ml).  All  solutions  were  immediately 
returned  to  the  laboratory,  and  pH  was  determined  by  glass  electrode.  Samples  were  then 
filtered  (Whatman  GF/C  glass  fiber)  and  analyzed  for  N03'  and  sulfate  (S042 )  by  ion 
chromatography,  dissolved  organic  carbon  (DOC)  using  a  Dohrmann  DC-80  C  analyzer, 
NH4+  by  automated  phenate,  and  ortho-phosphate  by  colorimetric  techniques  (APHA, 
1989). 
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Temperature  of  both  the  water  and  soil  in  the  mesocosms  was  recorded  during  each  sample 
collection  using  a  thermocouple  probe  and  digital  meter.  After  the  completion  of  each 
experiment,  all  above-ground  reed  canary  grass  in  the  mesocosms  was  harvested  and  dried 
to  constant  mass  at  65°C  to  determine  grass  biomass.  Reed  canary  grass  was  the  only 
plant  species  present  in  the  mesocosms.  In  this  study,  removal  of  N03"  refers  to  a 
decrease  in  concentration  of  N03'  in  the  water  column. 

All  data  were  analyzed  using  SAS  for  Windows  v.  6.11  and  the  GLM  procedure  with  a 
repeated  measures  analysis  of  variance  (ANOVA)  technique.  For  most  of  the  solutes  of 
interest,  the  interaction  term  (treatment*day)  was  significant  (p  <  0.01),  so  that  we 
analyzed  individual  days  to  test  specific  treatment  effects.  To  examine  rates  of  change,  we 
used  regression  to  fit  a  line  to  the  concentration  of  individual  solutes  versus  time  in  each 
replicate  during  each  experiment.  The  slopes  were  then  compared  using  ANOVA. 
Duncan’s  multiple  range  test  was  used  for  mean  separation  when  treatment  effects  were 
significant  to  test  a  specific  response. 


RESULTS 

Wetland  soils  were  rich  in  organic  matter  (Table  1),  probably  a  result  of  alluvial  parent 
material  and  previous  land  use  as  a  pasture.  Both  organic  C  and  N  concentrations  down  to 
100  cm  were  much  greater  than  nearby  agricultural  fields  (David  et  al.,  1994),  and 
indicated  that  large  pools  of  C  and  N  were  present  in  the  soil  before  wetland  construction. 
The  C:N  ratio  was  13:1  down  to  a  depth  of  50  cm  suggesting  that  the  organic  matter 
present  was  well  decomposed  and  varied  little  with  depth.  Soil  pH  was  near  neutral  at  all 
depths,  and  extractable  P  was  enriched  in  the  upper  soil,  decreasing  from  38  mg  P  kg'1  in 
the  0-10  cm  depth  to  7  mg  P  kg'1  in  the  50-100  cm  depth.  The  soil  chemistry  measured 
before  diversion  of  tile  drainage  water  onto  these  soils  generally  indicate  that  available  C 
levels,  at  least  initially,  might  be  high  enough  to  support  the  microbial  activity  needed 
for  denitrification. 

Soil  and  water  temperatures  were  higher  in  the  June  experiment  (24.9  to  27.3°C) 
compared  to  April  (9.9  to  12.0°C),  with  water  temperatures  always  greater  than  the  soil 
(Table  2).  Grass  biomass  was  also  greater  in  all  mesocosms  during  June  compared  to 
April. 

For  the  April  mesocosm  period  (Figure  1),  N03'  concentrations  in  the  overlying  water 
decreased  in  all  treatments  (p  <  0.01).  Over  the  seven  day  period,  approximately  one-half 
of  the  N03"  was  removed  from  non-grass  treatments,  regardless  of  whether  C  was  added 
On  day  7,  all  or  nearly  all  of  the  N03'  was  removed  from  grass  mesocosms.  The  addition 
of  glucose  did  not  increase  the  rate  of  N03'  removal  in  either  soil  or  grass  mesocosms  (p 
>  0.05).  Therefore,  although  glucose  decreased  rapidly  in  the  mesocosms,  it  did  not 
appear  to  control  N03‘  removal  rates.  For  treatments  without  glucose,  ambient 
concentrations  of  dissolved  organic  C  were  high  (10-12  mg  CL'1)  and  constant.  For  all 
treatments,  S042'-S  concentrations  remained  high  (18-21  mg  S  L'1  )  and  unchanged 
throughout  the  experiment  (p  <  0.01).  Solution  pH  (about  8.0)  had  little  change  during 
the  experimental  period,  and  concentrations  of  ortho-P  and  NH/-N  were  low  and  showed 
no  response  to  treatment  (p  <  0.01). 
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For  the  June  period  (Figure  2),  N03'-N  concentrations  decreased  to  zero  for  all  treatments 
in  48  hours  or  less.  Presence  of  grass  did  not  make  a  difference  in  rate  of  N03'  decrease  (p 
>  0.05),  however,  the  addition  of  glucose  increased  the  rate  of  N03'  removal  to  within  24 
hours  (p  <  0.01).  For  glucose  treatments,  most  of  the  additional  C  was  removed  within 
48  hours.  As  in  April,  the  ambient  concentrations  of  DOC  were  high.  Sulfate 
concentrations  were  lower  in  the  June  (1-7  mg  S042'-S  L‘‘  )  compared  to  April  and 
decreased  for  all  treatments  except  the  non-grass  treatment  without  glucose  (p  <  0.05). 
As  in  the  April  experiments,  solution  pH  was  about  8.0  and  was  greater  in  the  soil 
mesocosms  compared  to  the  grass  on  day  5  (p  <  0.01).  Ortho-P  and  NH/-N  had  no 
response  to  treatment  (p  >  0.05). 


DISCUSSION 

During  both  experimental  periods,  N03'  concentrations  decreased  rapidly  in  all  treatments. 
This  may  have  been  due  to  both  plant  uptake  and  denitrification.  We  presume  the  N03' 
removal  from  mesocosms  without  grass  was  due  to  denitrification  and  not  diffusion  of 
NOf  into  the  soil,  because  Cl  concentrations  (data  not  shown)  remained  stable  over  time. 
When  grass  was  present,  we  could  not  distinguish  between  denitrification  and  plant 
uptake.  Grass,  however,  did  increase  N03'  removal  in  April  (p  <  0.05),  but  not  in  June 
(p  >  0.05).  Although  grass  biomass  was  greater  in  June  (Table  2),  the  demand  for  NOf 
by  the  grass  may  have  been  less  at  this  time,  and/or  the  microbes  may  have  outcompeted 
the  grass  for  NOf.  Johengen  and  LaRock  (1993)  found  that  plant  mesocosms  had  the 
highest  removal  efficiencies  for  NOf,  but  similar  to  our  results,  found  that  sediment-only 
mesocosms  also  removed  nearly  as  much  NOf.  This  supported  their  conclusion  that 
much  of  the  removal  processes  occurred  at  the  substrate  surface  (Johengen  and  LaRock, 
1993). 

The  addition  of  an  easily  degradable  C  source  increased  NOf  removal  for  June  treatments, 
but  did  not  affect  NOf  removal  in  April.  Although  ambient  DOC  concentrations  were 
high,  C  was  apparently  still  limiting  in  June  because  added  glucose  stimulated  NOf 
removal.  When  temperatures  were  cool  and  microbial  activity  was  presumed  lower  (as  in 
the  April  mesocosms),  the  added  glucose  had  no  effect.  The  ambient  DOC  present  may 
not  have  been  in  an  easily  degradable  form,  thus  limiting  microbial  activity  during  warm 
conditions  in  June. 

Nitrate  was  removed  more  quickly  in  June  when  both  water  and  soil  temperatures  were 
more  than  twice  as  high  as  April  temperatures.  In  addition,  we  suspect  the  redox 
potential  was  lower  in  June,  as  evidenced  by  the  decrease  in  concentration  of  S042'-S  in 
all  treatments,  except  non-grass  mesocosms  without  glucose. 

When  calculated  on  a  mass  basis  in  the  NOf  only  mesocosms,  removal  of  NOf  was  0.25 
and  0.42  g  NOf-N  m'2  d'1  in  the  April  non-grass  and  grass  treatments,  respectively,  and 
1.6  and  1.4  g  NOf-N  m 2  d_1  in  the  June  corresponding  treatments.  Calculated  Q10  values 
of  NOf-N  removal  per  day  for  the  non-grass  and  grass  treatments  were  3.3  and  2.2, 
respectively.  These  Q10  values  indicate  that  enzymatic  reactions  are  taking  place,  and 
show  the  importance  of  temperature  in  controlling  NOf  removal  rates.  Temperature 
seemed  to  be  a  more  important  controlling  factor  for  NOf  removal  than  C  levels  in  these 
mesocosm  experiments.  Also,  because  we  added  NOf  to  the  mesocosms  and  the 
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experiments  were  short-term,  N03'  was  probably  not  limiting  to  denitrification.  Other 
studies  have  shown  clear  effects  of  N03'  concentration  on  N03'  removal  rates  in  wedand 
or  riparian  ecosystems,  but  have  not  shown  such  a  strong  response  to  temperature 
(Phipps  and  Crumpton,  1994;  Seitzinger,  1994;  Nelson  et  al.,  1995). 

Recent  estimates  of  tile  N03'  inputs  on  a  daily  basis  (David  et  al.,  1997)  to  the  wedand 
where  the  mesocosm  experiments  were  conducted  range  from  about  10-20  kg  N03'-N  d'1 
in  the  winter  to  early  spring  and  20-40  kg  N03'-N  d'1  in  late  spring  to  early  summer  from 
precipitation  events.  This  amount  of  tile  N03'  is  distributed  over  an  approximately  1.5 
ha  wetland  area.  With  April  rates  of  N03"  removal  averaging  0.34  g  N03'-N  m'2  d  1  in  the 
mesocosms,  this  would  give  an  estimated  N03'  removal  rate  (or  potential)  of  5.1  kg  N03  - 
N  d'1  for  the  entire  wetland.  If  the  water  was  retained  in  the  wetland  for  several  days  to 
weeks  and  entered  in  pulses  of  10-20  kg  N03'-N  d'1  that  were  spread  out  over  time,  the 
wetlands  should  be  able  to  remove  most  of  the  N03'  during  this  period.  June  rates 
calculated  in  this  way  were  22  kg  N03'-N  d1,  again  indicating  that  N03'-N  removal  rates 
in  the  wetlands  could  remove  substantial  N03'  if  the  water  detention  time  was  long 
enough.  It  is  not  known  what  winter  (January  -  March)  N03'  removal  rates  would  be 
like,  since  temperatures  would  be  closer  to  0°C.  However,  assuming  that  the  Q10  values 
calculated  for  the  higher  temperature  range  were  valid  at  these  low  temperatures,  rates 
would  be  expected  to  be  2.75  times  lower  than  our  April  measurements  at  about  12°C,  or 
about  0.12  g  N03‘-N  m2  d'1  at  2°C.  This  would  lead  to  an  estimated  N03'  removal  of  1.8 
kg  N03'-N  d1  for  the  wetland  at  2°C. 

CONCLUSIONS 

Nitrate  removal  occurred  in  all  treatments,  and  denitrification  was  presumed  to  be  the 
dominant  mechanism.  Higher  temperatures  of  the  water  and  soil  in  mesocosms  enhanced 
N03'  removal  in  June  versus  April.  Added  glucose  stimulated  N03'  removal,  except  when 
microbial  activity  was  presumed  low  due  to  cooler  temperatures.  When  glucose  was  added 
in  June,  N03'  removal  and  C  disappearance  were  closely  related.  The  redox  potential  may 
have  been  lower  in  June  than  in  April  based  on  the  decrease  in  S042'-S  concentrations. 
Calculated  N03'  removal  rates  for  the  wetland  based  on  mesocosms  gave  estimates  of  5.1 
and  22  kg  N03  -N  d1  removal  of  N03'  for  the  entire  wetland  for  the  conditions  present  in 
the  April  and  June  experiments.  Depending  on  amounts  and  seasonal  timing  of  inputs  of 
N03'  to  the  wetlands,  mesocosm  results  suggest  that  large  amounts  of  N03'  can  be 
removed  from  the  overlying  water. 
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Table  1.  Selected  characteristics  of  wetland  soils  used  for  mesocosm  experiments  by 
depth.  Mean  with  standard  error  in  parenthesis  (n=4). 


Depth 

(cm) 

PH 

Loss-on- 

ignition 

(%) 

Organic 

C 

(%) 

Total 

N 

(mg  kg') 

C:N 

(mol/mol) 

Extract- 
able  P 
(mg  kg1) 

0-10 

6.94(0.05) 

8.9(0. 1) 

3. 6(0.1) 

2944  (296) 

13.0(0.5) 

38(2) 

10-30 

6.76  (0.06) 

7.9  (0.3) 

2.9  (0.1) 

2590  (83) 

13.0  (0.4) 

17(5) 

30-50 

6.85  (0.04) 

7.0  (0.5) 

2.7  (0.2) 

2402  (95) 

13.3  (0.4) 

14(3) 

50-100 

7.01  (0.10) 

4.9  (0.5) 

1.6  (0.2) 

1236(194) 

15.3  (0.7) 

7(2) 

Table  2.  Total  grass  biomass  and  temperatures  for  spring  and  summer  mesocosm 
experiments.  Mean  of  three  replicates  with  standard  errors  in  parentheses  for 
each  vegetative  treatment  for  total  grass  biomass.  Mean  of  six  replicates  with 
standard  errors  in  parentheses  for  grass  vs.  non-grass  mesocosms  for  soil  and 
water  temperatures. 

Parameter 

Spring 

1995 

Summer 

1995 

Grass  Biomass 

gm'2 

grass 
grass  +  C 

805  (54) 

734  (77) 

1403  (11) 
1178  (138) 

Temperature 

°c 

Grass 

Soil 

Water 

9.9  (0.6) 

11.2  (1.3) 

24.9  (0.4) 

26.9  (0.4) 

Non-grass 

Soil 

Water 

10.5  (0.7) 

12.0  (1.2) 

25.9  (0.5) 
27.3  (0.5) 
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ABSTRACT 

Biodiversity  is  a  relatively  new  term  which  recently  has  become  more  prevalent  in  the 
scientific  and  popular  literature.  It  appears  that  the  term  is  so  new  that  it  is  familiar  to 
only  a  small  segment  of  the  population.  This  paper  describes  the  results  of  a  survey 
which  was  conducted  to  determine  public  awareness  and  perceptions  of  biodiversity. 
Survey  participants  were  asked  about  their  familiarity  with  the  word  biodiversity. 
Respondents  included  the  general  public  and  undergraduate  students  in  introductory  level 
biology  courses  at  two  universities  (n=  1,288).  The  results  show  that  a  large  segment  of 
the  public  remains  unfamiliar  with  the  word  biodiversity;  only  36.72%  of  all  respondents 
were  familiar  with  the  term.  However,  most  (93.79%)  of  those  unfamiliar  with  the  term 
thought  that  conservation  was  important.  There  was  no  significant  difference  in 
familiarity  with  biodiversity  among  age  groups  or  between  males  and  females,  yet 
familiarity  with  the  word  increased  with  the  educational  level  of  respondents.  A  wide 
variety  of  definitions  for  biodiversity  were  given;  few  included  elements  of  definitions 
which  are  currently  recognized  in  scientific  publications.  Reasons  given  for  the 
importance  of  protecting  biodiversity  varied  widely;  some  responded  that  short-term 
economic  gains  were  more  important  than  protecting  biodiversity.  Many  thought  the 
government  should  allocate  funds  to  study  and  protect  biodiversity,  and  many  people 
perceive  a  conflict  between  economic  development  and  protecting  biodiversity.  Clearly  it 
will  be  critical  to  conservation  efforts  that  the  public  not  only  learns  to  recognize  the 
term  biodiversity,  but  is  also  cognizant  of  the  reasons  and  value  in  efforts  to  preserve  and 
protect  it. 


INTRODUCTION 

The  term  biodiversity  is  a  relatively  new  word  that  has  only  recently  become  more 
prevalent  in  the  literature;  it  first  appeared  in  publications  less  than  ten  years  ago.  Since 
that  time  use  of  the  word  in  common  language  has  steadily  grown  (Harper  and 
Hawksworth  1994).  Yet  several  surveys  suggest  that  the  term  is  still  so  new  that  it  is 
known  to  only  a  small  segment  of  the  population.  In  1993  the  Defenders  of  Wildlife 
sponsored  a  telephone  survey  with  1209  randomly  selected  adults  in  the  continental 
United  States.  During  the  interviews,  researchers  assessed  people’s  attitudes  toward  and 
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knowledge  of  biodiversity,  and  explained  the  concept  to  those  unfamiliar  with  it. 
Seventy-three  percent  were  unfamiliar  with  the  notion  of  the  loss  of  biodiversity,  and  it 
was  also  unfamiliar  to  210  additional  interviewees  that  belonged  to  environmental 
organizations.  Of  those  interviewed,  few  connected  the  destruction  of  habitat  with  the 
loss  of  species  (Anonymous  1993). 

In  a  related  survey,  a  New  York  Times/CBS  News  poll  taken  periodically  from 
September,  1981  to  April  and  June,  1989  found  that  only  45%  of  respondents  agreed  that 
“Protecting  the  environment  is  so  important  that  requirements  and  standards  cannot  be  too 
high,  and  continuing  environmental  improvements  must  be  made  regardless  of  cost.”  In 
another  poll  taken  in  1989  (after  the  Exxon  Valdez  oil  spill),  this  had  increased  to  80% 
(Ruckelshaus  1989).  This  suggests  that  respondents,  and  the  American  public  in  general, 
are  becoming  more  aware  of  environmental  issues. 

In  1992  and  1994  Roper  Organization  polls  concluded  that  most  Americans  are  very 
concerned  about  the  environment  and  feel  that  not  enough  is  being  done  to  protect  it; 
many  indicated  that  they  believe  that  economic  development  and  environmental  protection 
can  both  be  accomplished  (Anonymous  1992,  1994b). 

While  these  few  surveys  consider  a  broad  range  of  environmental  issues,  and  not  all 
specifically  focus  on  biodiversity,  it  is  still  unclear  whether  the  American  population  is 
familiar  with  the  term  biodiversity.  The  objectives  of  this  study  were  to  determine 
whether:  (1)  the  word  biodiversity  is  familiar  to  the  general  public,  (2)  if  it  can  be 
adequately  defined  by  most  people  who  have  heard  of  it,  and  (3)  if  it  is  perceived  as  being 
important  to  preserve.  I  predicted  that  there  would  be  a  large  segment  of  the  population 
that  had  never  heard  of  the  word,  and  a  large  number  of  people  who  could  not  offer  a 
definition. 


METHODS 

I  conducted  a  survey  to  determine  whether  the  term  biodiversity  is  familiar  to  many 
people,  and  whether  issues  about  biodiversity  are  of  concern  to  many  people. 
Demographic  questions  allowed  respondents  to  be  stratified  according  to  gender,  age 
group,  occupation,  and  level  of  education  (see  Babbie  1990).  People  were  interviewed  on 
several  occasions  and  at  several  different  locations  in  the  Chicago  area.  Surveys  were 
conducted  in  two  ways.  In  November  1994  and  May  1995  surveys  were  conducted  orally, 
and  respondents  were  randomly  selected.  These  surveys  were  conducted  in  the  city  of 
Chicago,  and  at  the  University  of  Illinois  at  Chicago.  The  surveys  conducted  at  the 
University  of  Illinois  at  Chicago  were  given  to  biology  undergraduate  and  graduate 
students  and  faculty  members.  In  September,  1995  surveys  were  given  to  students  in  the 
BioScience  101  class  at  the  University  of  Illinois  at  Chicago,  and  the  Boston  University 
Science  201  class.  Respondents  were  asked  whether  they  were  familiar  with  the  term 
“biodiversity.”  If  they  responded  “no,”  they  were  only  asked  whether  conservation  is 
important  to  them.  If  they  were  familiar  with  biodiversity,  they  were  asked  whether  they 
could  provide  a  definition.  All  definitions  were  later  categorized  as  to  the  type  of  response 
given.  They  were  also  asked  additional  questions  concerning  their  perceptions  about 
whether  biodiversity  should  be  preserved,  the  importance  of  biodiversity  to  society,  why 
it  is  important  to  preserve,  whether  state  or  local  governments  should  spend  money  to 
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preserve  or  to  study  biodiversity,  and  finally  whether  they  perceive  a  conflict  between 
economic  development  and  protecting  biodiversity.  Most  questions  allowed  the 
respondent  to  provide  a  yes  or  no  answer,  but  additional  comments  were  recorded.  A  copy 
of  the  survey  is  available  from  the  author.  A  Chi-square  analysis  was  used  to  analyze 
data. 


RESULTS 

A  total  of  1288  people  were  surveyed.  Table  1  gives  the  distribution  for  all  respondents 
as  to  age,  gender,  and  education,  and  whether  they  were  familiar  with  biodiversity.  Of  all 
1288  respondents  who  were  asked  whether  they  were  familiar  with  biodiversity,  473 
indicated  that  they  were  familiar  with  the  term.  This  represents  only  36.72%  of 
respondents;  63.28%  of  those  surveyed  who  were  not  familiar  with  the  word  were  then 
asked  whether  they  thought  conservation  was  important.  Most  (93.79%)  considered 
conservation  as  being  important  to  them. 

Table  1.  Distribution  of  Survey  Respondents  According  to  Sex,  Age,  and  Education, 
who  are/are  not  Familiar  with  the  term  “Biodiversity.” 


Familiar 

Not  Familiar 

Total 

Sex 

Male 

205  (38.6%) 

326  (61.4%) 

531 

Female 

250  (34.9%) 

467  (65.1%) 

717 

Age 

18-25 

289  (34.2%) 

556  (65.8%) 

845 

26-40 

100  (38.6%) 

159  (61.4%) 

259 

>40 

83  (45.6%) 

99  (54.4%) 

182 

Education1 

Grade 

1  (11.1%) 

8  (88.9%) 

9 

H.S.2 

320  (32.6%) 

662  (67.4%) 

982 

A. A. 

5  (33.3%) 

10  (66.7%) 

15 

B.A. 

17  (43.6%) 

22  (56.4%) 

39 

B.S. 

63  (44.1%) 

80  (55.9%) 

143 

Masters 

38  (57.4%) 

28  (42.4%) 

66 

Professional3 

23  (95.8%) 

1  (4.2%) 

24 

Ph.D. 

6  (60.0%) 

4  (40.0%) 

10 

1  Highest  level  of  education  attained 

2  Includes  UIC  and  BU  undergraduates  and  general  public 

3  Includes  JD,  D.V.M.,  MD,  DDS  degrees 


Gender 

Of  the  1288  respondents,  531  were  male,  717  were  female,  and  40  respondents  did  not 
indicate  gender.  There  was  no  significant  difference  between  males  and  females  in  terms 
of  their  familiarity  with  the  term  biodiversity  (X2  =  3.06,  d.f.  =  1,  p<0.05).  Of  all 
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females  interviewed,  only  34.87%  were  familiar  with  the  term.  Similarly,  38.61%  of 
males  were  familiar  with  biodiversity. 

Age  Group 

When  respondents  were  categorized  by  age  group  and  familiarity,  34.20%  of  all  18-25 
year-olds  were  familiar  with  biodiversity,  38.61%  of  those  26-40  were  familiar  with  the 
term,  and  45.60%  of  those  over  40  years  of  age  were  familiar  with  biodiversity.  Two 
respondents  did  not  indicate  age.  The  differences  among  age  groups  were  significant; 
however,  the  higher  percentage  of  those  over  40  years  of  age  included  8  members  of  the 
UIC  Ecology  and  Evolution  faculty,  all  of  whom  were  familiar  with  the  term.  When 
these  responses  were  excluded,  the  differences  among  age  groups  were  not  significant  (X2 
=  5.693,  d.f.  =  2,  p<0.05). 

Education 

The  highest  level  of  education  was  recorded  for  each  respondent.  There  was  a  significant 
difference  between  the  sampled  levels  of  education  regarding  knowledge  of  biodiversity  (X2 
=  64.76,  d.f.  =  7,  p<0.05).  Less  than  1/3  of  those  with  a  high  school  education  were 
familiar  with  the  term  biodiversity.  This  includes  753  undergraduates  that  were  enrolled 
in  introductory  level  biology  courses.  Nine  respondents  in  the  Ph.D.  category  included 
members  of  the  Ecology  and  Evolution  faculty  at  the  University  of  Illinois  at  Chicago, 
all  of  whom  were  familiar  with  biodiversity.  Even  when  these  were  removed  from  the 
analysis,  familiarity  level  remained  high,  93.3%  of  respondents  in  this  category  were 
familiar  with  biodiversity. 

Location  and  Occupation 

The  location  where  the  survey  was  conducted  was  recorded  in  an  attempt  to  correlate 
location  with  knowledge  about  biodiversity.  Out  of  151  respondents  surveyed  at  the  zoo, 
aquarium,  and  natural  history  museum,  45.70%  were  familiar  with  biodiversity.  This  is 
slightly  higher  than  the  overall  percentage  of  36.72  for  all  respondents. 

Occupation  was  also  recorded  and  then  categorized  into  the  following  types:  Business- 
related  (includes  banking,  marketing,  sales,  accounting,  etc.),  Clerical  (secretarial, 
reception,  etc.),  Scientific/Medical  (nursing,  pharmacy,  medical  technician,  etc.),  Service 
profession  (cashier,  waiter/waitress,  maintenance,  housekeeping,  etc.),  Education  (faculty, 
undergraduate  and  graduate  students),  Labor  (carpentry,  electrician,  factory  worker, 
plumber,  painter,  etc.),  Professional  (lawyer,  dentist,  veterinarian,  writer,  lobbyist,  pilot, 
engineer,  etc.),  Artistic  (includes  actor,  artist,  designer,  entertainer,  etc.),  and 
Miscellaneous  (includes  homemaker,  unemployed,  ministry,  retired,  etc.).  This 
categorization  made  it  possible  to  determine  whether  any  particular  occupation  was  more 
likely  to  be  aware  of  biodiversity  issues.  When  the  responses  from  the  undergraduate 
students  at  the  University  of  Illinois  at  Chicago  (UIC)  and  Boston  University  (BU)  were 
combined,  34.1%  (n=753)  were  familiar  with  biodiversity.  This  is  similar  to  the  results 
for  the  entire  survey.  A  larger  percentage  of  undergraduates  in  the  BioScience  101  course 
at  UIC  were  biology  majors.  Only  23  of  the  BU  undergraduates  enrolled  in  the  Science 
201  class  were  biology  majors  (n=390),  yet  231  undergraduates  at  UIC  were  biology 
majors  (n=363).  Because  the  numbers  of  BU  biology  majors  were  so  low,  no 
comparisons  can  be  made  between  the  biology  majors  at  different  universities.  However, 
more  of  the  biology  majors  were  familiar  with  biodiversity  than  the  non-biology  majors. 
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Forty-two  percent  of  the  biology  majors  (n=254)  were  familiar  with  biodiversity,  and 
29.7%  of  the  non-biology  majors  (n=499)  were  familiar  with  the  term.  These  differences 
were  significant  (X2  =  49.4,  d.f.  =  1,  p<0.05). 

Types  of  Definitions 

Definitions  given  in  this  survey  varied  widely.  There  were  369  respondents  who  were 
able  to  provide  a  definition  for  biodiversity.  Others  had  heard  of  biodiversity  but  could 
not  offer  a  definition.  Definitions  were  categorized  into  one  of  eight  categories  (see  Table 
2).  Some  responses  had  elements  of  a  correct  definition,  but  could  not  be  considered  as 
correct.  These  included  “different  types  in  nature;  wildlife  and  nature;  the  full  range  of 
what’s  available  and  living;  many  things  living  together.”  Other  definitions  had  no 
elements  of  what  could  be  considered  as  correct.  These  included  responses  such  as  “a 
mixture  of  different  cultures,  and  different  kinds  of  biology.”  Several  respondents  who 
had  heard  of  biodiversity,  yet  were  unsure  of  its  definition,  attempted  to  break  the  word 
down  and  define  “bio”  and  “diversity”  separately.  Similarly,  some  knew  that  bio  means 
life,  and  surmised  that  it  must  be  defined  as  the  diversity  of  life.  Many  responded  that  it 
had  something  to  do  with  different  life  forms  or  species  diversity.  Others  related 
biodiversity  with  specific  habitat  types  such  as  rainforests,  wetlands,  or  prairies,  or 
equated  biodiversity  with  the  variety  of  organisms  seen  in  nature. 


Table  2.  Definition  Types  and  Percent  of  Respondents  giving  each  type  (n  =  369). 


Definition  includes  idea  of  a  level  of  diversity:  species  richness, 
species  diversity,  community  diversity 

2.71 

Definition  notes  that  there  are  many  different  species  and  that  an 
interaction  occurs  between  them 

5.42 

Notes  an  assemblage  of  different  organisms:  species  of  plants, 
animals,  etc.,  living  together 

27.37 

Notes  that  variety  exists  within  a  specific  area,  habitat,  etc. 

18.97 

Concerns  the  preservation  and  maintenance  of  organisms,  species 

7.05 

Notes  genetic  variety  and  resources  and  their  preservation 

3.25 

Definition  cannot  be  included  in  any  of  the  above  categories  but  has 
elements  of  a  partially  correct  answer 

17.89 

Definition  contains  none  of  the  accepted,  common  elements  of  a 
definition  of  biodiversity 

17.34 

Do  You  Think  We  Should  be  Trying  to  Preserve  Biodiversity?  and  Why  is  it 
Important  to  Preserve? 

There  were  416  people  who  responded  to  this  question.  Most  of  those  who  were  familiar 
with  biodiversity  were  able  to  answer  this  question,  and  396  responded  that  they  thought 
biodiversity  should  be  preserved.  When  asked  why  biodiversity  is  important  to  preserve, 
answers  again  could  be  classified  into  several  specific  categories  (Table  3).  Six 
respondents  felt  that  biodiversity  does  not  need  to  be  preserved.  Reasons  given  for  not 
preserving  biodiversity  included:  “there  are  other  more  important  things;  natural  selection 
takes  place  on  its  own;  it’s  important  to  others  but  not  to  me.”  Some  responded  as  to 
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why  they  think  others  do  not  feel  it  is  important  to  preserve.  These  reasons  included: 
“society  is  ignorant;  it  is  not  a  priority  to  people;  undeveloped  countries  waste  resources 
and  the  U.S.  sets  a  poor  example;  people  don’t  think  it  is  important  enough  to  everyone’s 
survival;  it  doesn’t  touch  people  on  a  personal  level.” 

Table  3.  Why  it  is  Important  to  Save  Biodiversity  -  Types  of  Responses  and  Percentage 
giving  each  response  (n  =  416). 


For  continuity,  for  future  generations,  to  prevent  extinction 

28.02 

To  maintain  a  balance,  maintain  food  chain,  because  of  the 
interdependence  of  species 

23.07 

To  preserve  variety,  because  of  genetic  implications 

6.32 

For  future  knowledge,  future  uses,  future  economic  value 

12.09 

Aesthetics,  less  boring  world,  all  life  forms  are  worth  preserving 

17.86 

Respondent  doesn’t  know  why  it  is  important  to  preserve 

4.95 

Not  important  to  preserve  because  economics  and  short-term  gains  more 
important 

6.04 

Biodiversity  is  not  important  to  preserve 

1.65 

Should  the  U.S.,  or  state  or  local  government  spend  money  to  preserve  or  to 
study  biodiversity? 

Of  the  298  people  responding  to  this  question,  90.60%  responded  that  the  government 
should  provide  funds  for  studying  biodiversity.  Some  felt  that  support  should  be  provided 
only  at  the  level  of  the  U.S.  government,  not  at  the  state  or  local  level. 

Do  you  believe  there  is  a  conflict  between  economic  development  and  protecting 
biodiversity? 

Of  those  people  responding  to  this  question  (n=404),  89.60%  perceive  a  conflict  between 
economic  development  and  protecting  biodiversity.  Additional  comments  in  response  to 
this  question  commonly  focused  on  the  practice  of  thinking  and  acting  in  the  short-term: 
current  policies  are  driven  by  economics  while  the  long-term  consequences  are  not 
considered.  However,  some  felt  that  a  conflict  can  be  avoided,  and  that  it  is  possible  to 
make  a  compromise  between  economic  development  and  protecting  biodiversity. 


CONCLUSIONS 

The  main  objective  in  doing  this  survey  was  to  determine  how  familiar  the  general  public 
is  with  the  term  biodiversity.  Based  on  the  27%  familiarity  with  biodiversity  in  the  1993 
Defenders  of  Wildlife  survey,  it  is  not  surprising  that  of  all  the  people  interviewed  in  this 
survey,  only  37%  were  familiar  with  the  term.  These  results  clearly  suggest  that,  despite 
a  well-publicized  international  conference  on  biodiversity,  most  of  the  general  public  has 
a  poor  recognition  of  the  word,  many  cannot  define  it,  and  therefore  is  probably  unaware 
of  the  importance  of  protecting  it. 
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As  can  be  seen  from  the  variety  of  definitions  provided,  a  great  deal  of  confusion  remains 
about  how  biodiversity  should  be  defined.  E.O.  Wilson,  who  has  often  been  credited  with 
the  invention  of  the  word,  defines  biodiversity  as  an  all-inclusive  term:  “it’s  the  genetic- 
based  variation  of  living  organisms  at  all  levels,  from  the  variety  of  genes  in  populations 
of  single  species,  through  species  on  up  to  the  array  of  natural  ecosystems.”  (Anonymous 
1994a).  John  C.  Ryan,  a  research  associate  at  the  Worldwatch  Institute  defines  it  simply 
as  “the  ecosystems,  species,  and  genes  that  constitute  the  living  world”  (Kerasote  1993). 
Many  of  the  respondents  knew  that  a  definition  of  biodiversity  included  the  idea  of  variety 
and  encompassed  many  organisms.  Some  defined  it  in  terms  of  preservation  and 
maintenance.  This  association  of  the  term  with  preservation  may  have  occurred  because 
some  environmental  groups  use  it  to  describe  the  action  of  doing  everything  we  can  to 
prevent  any  change  in  or  impact  to  biodiversity  (Skiba  1994). 


Although  in  this  survey  there  was  no  correlation  between  age  and  familiarity  with 
biodiversity,  it  is  interesting  to  note  that  among  all  those  who  were  familiar  with  the 
term,  61.1%  were  in  the  18-25  year-old  age  category.  Most  striking  however  was  the 
correlation  between  level  of  education  and  knowledge  of  biodiversity.  Respondents  who 
had  completed  high  school  but  not  an  undergraduate  degree  responded  below  the  overall 
familiarity  level  of  37%.  Clearly  those  with  a  higher  educational  level  were  more  aware 
of  biodiversity  issues.  It  should  be  noted  that  when  determining  knowledge  and 
perceptions  about  biodiversity,  this  survey  does  not  include  questions  which  relate  other 
relevant  experiences  beyond  education  or  occupation,  and  this  survey  was  restricted  to  an 
urban  setting.  If  conducted  in  other  cities  or  rural  areas,  the  results  may  be  quite  different. 
In  addition,  undergraduates  in  the  two  basic  science  courses  were  not  questioned  about 
whether  they  had  previously  taken  other  relevant  biology  courses  that  might  have 
positively  influenced  their  response. 

Kellert  (1991)  conducted  a  survey  concerning  attitudes  toward  animals,  nature,  wildlife 
conservation,  and  behavioral  interactions  with  animals  among  residents  of  urban  and  rural 
areas  in  Japan.  These  results  were  then  compared  to  American  responses.  As  in  this 
study,  college-educated  Japanese  were  significantly  more  knowledgeable  and  appreciative 
of  nature  and  animals  than  Japanese  of  limited  education.  In  that  study,  college-educated 
Americans  expressed  greater  ecological  and  ethical  concerns  for  nature  and  animals  than 
did  Japanese  of  a  similar  educational  level.  Similarly,  Holl  et  al.  (1995),  found  that 
Costa  Ricans  have  a  limited  awareness  of  environmental  and  population-related  issues, 
and  environmental  knowledge  tended  to  vary  with  level  of  education. 


Many  reasons  have  been  cited  for  protecting  biodiversity  (see  Ehrlich  and  Ehrlich  1981; 
Norton  1986;  Wilson  1988;  Noss  and  Cooperrider  1994;  Meffe  and  Carroll  1994),  and 
scientists  agree  that  the  loss  of  biodiversity  and  of  species  and  habitats  is  a  serious  threat 
to  the  environment  and  to  human  welfare.  Yet  preservation  and  protection  of  biodiversity 
needs  public  support.  Clearly,  a  public  understanding  of  environmental  issues  is  critical 
to  the  success  of  conservation  efforts  (Holl  et  al.  1995).  Perhaps  the  current  state  of 
awareness  of  biodiversity  was  best  summarized  by  Brassard  (1994):  “In  discussions  with 
dozens  of  people  in  all  walks  of  life,  I  have  found  a  rather  startling  naivete  on  what 
biodiversity  is,  why  it  is  important,  and  why  we  are  concerned  about  it.  Most  of  us  are 
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comfortably  ensconced  in  academic  or  other  environments  where  it  is  sine  qua  non  that 
biodiversity  conservation  is  good.  It  comes  as  a  rather  rude  surprise  to  find  out  how 
many  people  in  the  world  are  ignorant  of,  indifferent  toward,  or  opposed  to  the 
conservation  of  biodiversity.” 
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ABSTRACT 

Effects  of  severe  and  protracted  flooding  on  two  mixed-species  colonies  of  wading  birds 
were  assessed  in  central  Illinois.  Both  colony  sites  have  been  monitored  since  1962. 
Historically,  Great  Blue  Herons,  Ardea  herodias,  Great  Egrets,  Casmerodius  albus 
(threatened  in  Illinois),  and  Black-crowned  Night-Herons,  Nycticorax  nycticorax 
(endangered  in  Illinois),  nested  in  each  colony.  Annual  ground  censuses  revealed  declines 
in  breeding  populations  following  years  when  prolonged  high  water  events  occurred 
during  the  period  of  nestling  development  and  fledging.  High  water  appeared  to 
disadvantage  all  three  species,  especially  the  Black-crowned  Night-Heron.  At  the  more 
affected  of  the  two  colonies,  prolonged  spring/summer  flooding  killed  many  nest  trees, 
and  the  Double-crested  Cormorant,  Phalacrocorax  auritus  (threatened  in  Illinois),  became 
a  breeding  resident  in  standing  dead  trees.  The  recent  pattern  of  frequent  and  prolonged 
spring  flooding  in  the  Illinois  River  basin  appears  to  be  altering  long-term  stability  and 
integrity  of  heron  colonies. 


INTRODUCTION 

Historically,  the  frequency  and  duration  of  annual  flood  pulses  generally  were  predictable. 
Consequently,  plants,  animals,  and  even  human  societies  adapted  to  take  advantage  of 
them  (Sparks  1995).  In  the  Illinois  River  basin,  flooding  typically  began  with  water 
rising  slowly  in  the  fall.  Water  levels  kept  rising  gradually  through  winter,  merging  with 
the  spring  pulse;  water  levels  receded  slowly  during  summer  and  remained  low  throughout 
the  growing  season  (Sparks  1995). 

The  frequent  and  rapid  flood  peaks  that  now  characterize  hydrologic  patterns  along  the 
Illinois  River  occur  as  a  result  of  floodplain  constriction  with  mainstream  levees, 
increased  sedimentation,  channelization  of  tributary  streams,  and  other  human  activities. 
In  addition,  Singh  and  Ramamurthy  (1990)  found  that  from  1970  to  1990  the  northern 
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half  of  the  Illinois  River  basin  experienced  a  wetter  and  cooler  weather  cycle  than  in  the 
past.  This  climate  change  also  has  contributed  to  the  increasing  magnitude  and  duration 
of  Illinois  River  flows  and  flood  peaks.  Currently,  flood  peaks  often  extend  into  the 
growing  season,  altering  the  ecological  integrity  of  the  river  system  (Havera  and  Bellrose 
1985,  Sparks  1995). 

U.S.  Army  Corps  of  Engineer  records  from  to  1844  to  1986  show  that  half  of  the  major 
floods  at  Peoria  occurred  from  1970  to  1986  (Bjorklund  1986a).  High  water  also 
prevailed  in  1990  when  an  all-time  record  precipitation  of  135.4  cm  was  recorded  at 
Peoria  (National  Weather  Service  Records,  Peoria  Office),  and  again  in  1993,  1995,  and 
1996.  The  flood  of  1993  in  midwestem  United  States  surpassed  all  previous  floods  in 
amount  of  precipitation,  river  levels,  flood  duration,  and  area  of  flooding  (Custer  et  al. 
1996).  In  1995,  the  flood  crest  at  Havana  was  3.7  m  above  flood  stage;  this  level 
exceeded  the  1993  flood  crest  by  approximately  0.9  m,  and  it  was  just  0.3  m  below  the 
all-time  record.  In  1996,  the  flood  crest  at  Havana  was  2.4  m  above  flood  stage,  and  the 
river  did  not  fall  below  flood  stage  until  early- July;  by  23  July  the  river  again  rose  above 
flood  stage. 

Flooding  of  feeding  habitat  presumably  results  in  a  dispersed  food  source  for  wading  birds, 
and  it  seems  to  influence  nest  initiation  and  clutch  size  for  nesting  Great  Blue  Herons, 
Ardea  herodias  (GBHE),  in  the  upper  Mississippi  River  (Custer  et  al.  1996).  In 
addition,  studies  from  other  geographical  locations  have  indicated  that  availability  of 
suitable  feeding  habitat  may  be  an  important  factor  limiting  growth  of  GBHE  populations 
(Butler  1991,  Gibbs  1991).  Powell  (1987)  and  David  (1994)  found  that  water  level 
fluctuations  altered  the  amount  of  preferred  foraging  habitat  available  to  several  species  of 
wading  birds,  including  the  Great  Egret,  Casmerodius  albus  (GREG).  For  the  Black- 
crowned  Night  Heron,  Nycticorax  nycticorax  (BCNH),  the  quality  of  the  foraging  area 
may  be  more  important  than  the  strict  nest  site  requirements  to  their  breeding  presence 
(Bjorklund  1986a,  Graberetal.  1978).  Although  the  decline  of  one  of  the  largest  heron 
colonies  in  Illinois  was  initiated  by  clear  cutting  of  timber  at  its  margin,  protracted 
spring/summer  flooding  probably  was  an  important  factor  contributing  to  its  abandon¬ 
ment  (Bjorklund  1975). 

In  this  paper,  we  document  effects  of  recent  severe  and  protracted  flooding  on  two  mixed- 
species  colonies  of  wading  birds  that  have  been  monitored  since  1962. 

STUDY  AREA  AND  METHODS 

Initially,  both  colonies  were  located  in  the  LaGrange  Pool  of  the  Illinois  River  on  natural 
levees  that  formed  between  the  river  and  backwater  lakes.  One  colony  site,  at  Worley 
Lake  (river  mile  156)  about  8  km  south  of  Peoria,  was  acquired  by  the  Illinois 
Department  of  Natural  Resources  (formerly  the  Illinois  Department  of  Conservation)  in 
1966  after  it  was  severely  disturbed  by  clear  cutting  and  other  anthropogenic  factors. 
Nesting  herons  abandoned  this  colony  after  1973  (Bjorklund  1975).  In  1986,  the  Worley 
Lake  colony  was  reestablished  in  regenerated  timber  near  the  original  site  (Bjorklund 
1986a).  The  second  colony  was  located  on  private  property  adjacent  to  Clear  Lake, 
approximately  32.2  km  downriver  from  the  Worley  Lake  colony  and  about  20.8  km  north 
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of  Havana,  near  river  mile  133.  A  large  portion  of  the  Clear  Lake  colony  occurred  on  a 
natural  levee  approximately  1.5  m  above  the  surrounding  floodplain. 

Annual  ground  censuses  were  used  to  locate  nest  trees,  document  tree  status,  and 
enumerate  active  heron  nests  by  species.  All  nest  trees  were  marked  with  uniquely 
numbered  aluminum  tags.  At  the  time  of  marking,  each  tree  was  identified  to  species  and 
a  measurement  of  trunk  diameter  at  breast  height  (DBH)  was  recorded.  Although  censuses 
usually  were  made  during  June,  occasionally  they  were  delayed  until  the  first  week  of  July 
because  of  protracted  spring  flooding. 

A  continuous  direct  measure  of  water  elevation  at  each  colony  site  was  not  made; 
however,  flood  crests  were  detected  from  the  level  at  which  sediment  was  deposited  on 
standing  tree  trunks.  We  used  the  daily  record  of  open  pass  at  the  Peoria  and  LaGrange 
lock  and  dam  sites  as  an  index  of  water  level  within  the  LaGrange  Pool  (U.S.  Army 
Corps  of  Engineers  Peoria  Project  Office).  Generally,  when  water  levels  at  the  Peoria 
lock  and  dam  site  reached  an  elevation  of  439-440  mean  sea  level  (MSL),  approximately 
3.5  m  river  depth,  wickets  were  lowered  so  river  traffic  could  pass  over  the  dam  without 
going  through  the  locks  (Jean  M.  Dorethy,  pers.  comm.).  At  the  LaGrange  lock  and  dam 
site  1 25  km  downstream  from  Peoria,  wickets  were  lowered  when  water  levels  reached  an 
elevation  of  428-429  MSL.  An  open  pass  indicated  a  water  level  that  was  sufficiently 
high  to  cause  flooding  at  the  Worley  Lake  colony  site,  and  it  usually  indicated  that  the 
Clear  Lake  colony  site  was  inundated  as  well. 


GBHE,  GREG,  and  BCNH  have  nested  in  both  colonies.  Some  GBHE  wintered  in 
central  Illinois  and  were  observed  at  the  colony  sites  in  late  February.  In  contrast,  GREG 
did  not  arrive  at  the  colony  sites  until  the  last  week  of  March.  The  average  arrival  date  of 
BCNH  was  10  April.  Thus,  some  GBHE  commenced  egg-laying  before  GREG  and 
BCNH  arrived  at  the  colony  sites. 

Relationships  between  water  levels  and  nesting  of  herons  and  egrets  were  examined  with 
linear  regression  and  correlation  analyses  (Zar  1974).  A  P<0.05  was  considered 
significant. 


RESULTS 

In  the  decade  prior  to  recent  major  flooding,  the  Clear  Lake  colony  breeding  population 
tended  to  increase  in  years  following  low  water  levels  (1985,  1987-1989)  during  the  June 
through  August  period  (Table  1).  Decreases  in  breeding  populations  followed  years  with 
high  water  (1986,  1990)  during  June  through  August,  corresponding  to  the  portion  of  the 
breeding  cycle  when  nestlings  were  completing  development  and  fledging.  We  found  a 
significant  negative  correlation  between  percentage  of  the  June  through  August  period  that 
open  pass  occurred  and  percentage  change  in  active  nests  the  following  year  for  GBHE  (r=- 
0.782,  P<0.05,  n=9,  Figure  1).  Correlation  coefficients  for  GREG  (r=-0.543)  and  BCNH 
(r=-0.489)  were  not  significant  (P>0.05).  Linear  regression  analysis  indicated  that  a  June 
through  August  period  of  open  pass  <59  percent  was  necessary  to  prevent  a  decline  in  the 
breeding  GBHE  population,  1983-1992  (Figure  1). 
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A  similar  comparison  of  open  pass  during  the  March  through  May  portion  of  the  breeding 
cycle  and  change  in  active  nests  the  following  year  did  not  reveal  a  similar  indicator  of 
subsequent  breeding  population  suppression  (P>0.05)  for  GBHE  (r=-0.018),  GREG  (r= 
-0.302),  or  BCNH  (r=-0.594). 

Because  the  colony  at  Worley  Lake  was  not  reestablished  until  1986  (Bjorklund  1986a),  a 
comparable  record  of  growth  prior  to  recent  major  flooding  was  not  available. 


The  status  of  nest  trees  and  their  avian  occupants  were  examined  following  recent  (1993- 
1996)  major  flooding  (Table  2).  Although  10  to  12  nest  trees  were  dying  annually  at 
each  site,  nests  rarely  were  maintained  in  dead  trees  when  numerous  live  alternatives  were 
available.  After  the  1993  flood,  a  large  number  of  trees  began  dying  at  Worley  Lake 
(Table  3).  In  1994,  we  noted  11  nest  trees  with  limbs  completely  defoliated,  and  many 
other  trees  were  dying.  A  stand  of  25  cm  DBH  eastern  cottonwood,  Populus  deltoides, 
in  nearby  regenerating  woodland  also  was  observed  to  be  dying.  Thus,  tree  mortality  at 
Worley  Lake  apparently  was  due  to  drowning  and  not  to  activities  of  nesting  herons  and 
egrets,  which  sometimes  kill  vegetation,  including  trees,  with  their  guano  (Volkert 
1992). 

By  1996,  48  percent  of  the  nest  trees  at  Worley  Lake  were  dead  (Table  3).  Only  58  of  the 
129  (45  percent)  dead  trees  used  for  nesting  in  1996  were  dead  trees  also  used  in  1995. 
Many  of  the  trees  observed  dead  or  dying  in  1994  and  1995  were  blown  over  or  were 
broken  off  at  what  was  the  high  water  line  of  past  floods.  In  addition,  the  Double-crested 
Cormorant,  Phalacrocorax  auritus  (DCCO),  breeding  population  increased  more  than 
fourfold  and  all  of  their  nests  were  built  in  standing  dead  trees  (Table  2). 

Although  BCNH  are  opportunistic  foragers  (Bjorklund  1986b),  they  failed  to  nest  at  Clear 
Lake  in  1996  even  though  suitable  previously  used  live  nest  trees  were  available. 
Moreover,  very  few  BCNH  were  observed  in  backwaters  associated  with  the  Clear  Lake 
colony  site.  At  the  Worley  Lake  colony,  the  1996  BCNH  population  declined  by  74 
percent  (Table  2). 


DISCUSSION 

Observed  breeding  population  declines  of  herons  and  egrets  along  the  Illinois  River 
appears  to  be,  in  part,  the  result  of  feeding  habitat  modifications.  Prolonged  elevated 
water  levels  during  the  June  through  August  period,  when  developing  nestlings  were 
nearing  fledging,  had  a  negative  impact  on  size  of  the  nesting  population  the  following 
year.  Conversely,  prolonged  flooding  during  the  March-May  period,  prior  to  or  at  the 
beginning  of  the  nesting  cycle,  had  little  measurable  impact  on  the  breeding  population 
outcome.  The  favorable  energetics  of  a  nearby  concentrated  food  source,  as  opposed  to  a 
dispersed  food  source  during  flooding,  should  be  examined  further. 

The  breeding  population  decrease  that  we  documented  was  not  restricted  to  the  LaGrange 
Pool  of  the  Illinois  River.  For  example,  the  next  colony  site  upriver  from  Worley  Lake 
is  in  the  Peoria  Pool  near  Lacon,  and  GBHE  have  declined  each  year  since  1993  (Larry 
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Rice,  pers.  comm.).  A  colony  of  GBHE  downriver  in  the  Alton  Pool  near  Meredosia  was 
ground  censused  in  1994.  Nesting  occurred  in  1995,  but  the  colony  subsequently  was 
abandoned,  apparently  because  of  drowned  timber  and  salvage  timbering  (Vernon  Kleen 
and  Russ  Engelke,  pers.  comm.).  Thus,  three  Illinois  River  wading  bird  colonies 
monitored  by  annual  ground  censuses  during  1993  to  1996  exhibited  population  declines 
during  this  period  and  a  fourth  colony  was  abandoned. 

Because  GBHE,  GREG,  and  BCNH  typically  do  not  nest  until  two  years  of  age  (Butler 
1992,  Davis  1993,  Kahl  1963),  the  breeding  population  decrease  that  we  documented 
probably  resulted  from  a  combination  of  factors  across  age  groups,  not  just  poor 
recruitment.  GBHE,  GREG,  and  BCNH  are  relatively  long-lived  species  (Butler  1992, 
Davis  1993,  Kennard  1975),  and  learning  experiences  may  play  a  role  in  breeding.  As 
Custer  et  al.  (1996)  detected,  GBHE  are  capable  of  altering  nest  initiation  and  clutch  size 
in  response  to  environmental  variables. 

Based  on  the  Worley  Lake  and  Clear  Lake  census  data,  it  appears  that  individual  birds  may 
move  to  alternate  colony  sites  in  unfavorable  years  or  may  defer  nesting  altogether. 
Rapid  growth  of  the  Clear  Lake  colony  from  231  nests  in  1964  to  934  nests  in  1968 
coincided  with  severe  logging  disturbance  and  subsequent  colony  abandonment  at  Worley 
Lake.  By  1981,  when  floods  were  becoming  increasingly  frequent  and  severe,  the  Clear 
Lake  colony  decreased  to  181  nests  (R.  G.  Bjorklund,  unpubl.  data).  Moreover,  from 
1975-1985,  GBHE,  GREG,  and  BCNH  were  observed  foraging  at  Worley  Lake,  but  they 
did  not  nest  regularly.  Only  BCNH,  which  twice  established  very  small  colonies  in 
regenerating  timber,  nested  successfully  during  this  period  (Bjorklund  1986a).  After  the 
Worley  Lake  colony  was  reestablished  in  1986,  low  water  years  (1987-89)  appeared  to 
allow  for  rapid  growth  of  the  nesting  population  at  both  Clear  and  Worley  lakes. 


Some  individuals  of  these  species  wander  northward  in  postbreeding  flights  (Graber  et  al. 
1978),  providing  an  opportunity  to  locate  more  favorable  foraging  and  nesting  areas. 
Graham  et  al.  (1996)  noted  that  GBHE  nesting  populations  were  increasing  in  Ontario, 
and  that  a  similar  demographic  trend  had  occurred  in  Alberta  and  upstate  New  York.  In 
addition,  Castrale  (1994)  and  Iverson  (1993)  documented  significant  increases  in  Indiana 
GBHE  breeding  populations.  However,  at  Fourmile  Island  rookery,  Horicon  Marsh, 
Wisconsin,  Volkert  (1992)  found  that  nesting  GREG  and  BCNH  were  declining 
significantly,  GBHE  were  decreasing,  and  DCCO  were  increasing.  Volkert  (1992) 
indicated  that  the  death  of  diseased  trees  and  accumulation  of  guano  contributed  to  the 
population  shifts.  A  more  system-wide  and  regional  nest  monitoring  program  is  needed 
to  ascertain  how  herons  and  egrets  are  reacting  to  recent  flood-related  challenges,  and 
whether  they  are  profiting  from  their  experiences. 


Our  observations  indicate  that  stability  and  integrity  of  the  colony  site  and  associated 
foraging  areas  influence  the  number  of  yearly  nesting  attempts.  Severe  flooding  may 
have  caused  significant  negative  effects  by  reducing  the  quality  of  foraging  areas  and 
killing  nest  trees.  In  any  case,  fewer  foraging  herons  and  egrets  were  seen  throughout  the 
periods  of  flooding  at  traditional  Worley  Lake  and  Clear  Lake  foraging  sites.  Although 
drowned  timber  resulted  in  improved  nesting  conditions  for  the  state  threatened  DCCO  at 
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Worley  Lake,  it  represents  a  short-term  unstable  habitat.  As  stressed  trees  continue  to  die 
and  dead  trees  disappear,  herons  and  egrets  will  find  fewer  and  fewer  suitable  nest  trees. 
Finally,  excessive  sedimentation  is  filling  in  backwater  lakes  not  protected  by  levees 
along  the  Illinois  River  and  altering  both  feeding  and  nesting  areas  (Bellrose  et  al.  1983, 
Havera  and  Bellrose  1985).  We  noted  up  to  5  cm  of  sediment  deposited  under  and  near  the 
colony  sites  as  a  result  of  a  single  major  flood  event. 

In  summary,  if  the  recent  trend  of  frequent,  prolonged,  and  severe  unseasonal  water  level 
fluctuations  continues,  breeding  populations  of  wading  birds  in  the  Illinois  River  valley, 
including  state  threatened  (GREG)  and  state  endangered  (BCNH)  species,  will  face  the 
ultimate  challenge  by  dying,  adapting,  or  emigrating. 
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Table  1 .  Relationship  between  water  levels  and  the  number  and  percentage  change  (in  parentheses)  of  active  heron  nests  at  the  Clear  Lake 
colony  site.  A  zero  percent  open  pass  indicates  continuous  low  water. 
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Table  2.  Status  of  trees  with  active  nests  in  years  following  major  flooding  of  the  Clear  Lake  and  Worley  Lake  colonies,  1993-1996.  Dying 
trees  that  retained  some  live  foliage  were  recorded  as  live  to  reflect  leaf-out  conditions  at  the  initiation  of  nesting. 
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Table  3.  Species  composition  and  status  of  nest  trees  at  the  Worley  Lake  colony  site 
preceding  and  following  major  flooding  (major  flooding  occurred  in  1993  and 
1995). 


1993 

1996 

Species 

Live 

Dead 

Live 

Dead 

Percent 

dead 

Silver  Maple 
{Acer  saccharinum) 

265 

1 

131 

110 

46 

Green  Ash 

(Fraxinus  pennsylvanica) 

26 

0 

7 

18 

72 

Eastern  Cottonwood 
{Populus  deltoides) 

2 

0 

0 

1 

100 

Pecan3 

{Carya  illinoensis ) 

2 

0 

0 

0 

0 

aAlthough  pecan  trees  were  alive  in  1996,  they  were  not  used  for  nesting. 


Percentage  Change  In  Active  Nests  The  Following  Year 
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Figure  1 .  Effect  of  prolonged  flooding  during  June  through  August  in  a  given  year  on  the 
percentage  change  in  total  number  of  active  GBHE  nests  the  following  year  at 
the  Clear  Lake  colony  site,  1983-1992.  The  regression  equation  is:  Y=-1.046x 
+  63.28;  r=-0.782,  P<0.05. 
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ABSTRACT 

Nematodes  passed  in  the  feces  of  a  false  map  turtle,  Graptemys  pseudogeographica , 
from  southern  Illinois  were  identified  as  Falcaustra  wardi.  This  constitutes  a  new  host 
record  for  this  helminth  and  the  first  report  of  its  occurrence  in  a  turtle  of  Illinois. 

INTRODUCTION 

Few  reports  are  available  on  the  helminth  parasites  of  turtles  of  southern  Illinois.  The 
most  comprehensive  study  to  date  was  that  conducted  by  Martin  (1972)  who  examined 
287  turtles  representing  six  genera  and  seven  species  including  Chelydra  serpentina , 
Chrysemys  picta ,  Trachemys  scripta,  Sternotherus  odoratus,  Terrapene  Carolina , 
Terrapene  ornata,  and  Trionyx  ( Apalone )  spinifer.  More  recently,  Gillman  (1991) 
reported  on  the  helminths  found  in  62  turtles  representing  seven  genera  and  eight  species 
including  Apalone  mutica,  Trionyx  (. Apalone )  spinifera ,  Chelydra  serpentina , 
Chrysemys  picta ,  Sternotherus  odoratus,  Terrapene  Carolina,  Terrapene  ornata  and 
Trachemys  scripta  elegans. 

To  our  knowledge,  nothing  has  been  reported  on  the  endoparasites  of  the  false  map  turtle, 
Graptemys  pseudogeographica  in  Illinois.  Its  geographic  range  extends  from  the  Sabine 
River  system  of  western  Louisiana  and  eastern  Texas  north  to  the  Dakotas,  Minnesota, 
Wisconsin,  Illinois,  Indiana,  central  Ohio  and  northwestern  West  Virginia  (Ernst  and 
Barbour,  1972).  The  false  map  turtle  is  strictly  aquatic  and  occurs  throughout  Illinois, 
usually  in  swift  rivers  but  occasionally  in  large  lakes.  It  is  difficult  to  capture  because  of 
its  wariness  and  its  speed  in  swimming  (Smith,  1961).  Perhaps  this  may  in  part  account 
for  the  paucity  of  information  on  the  endoparasites  of  this  species.  The  present  study 
concerns  the  first  report  of  the  nematode,  Falcaustra  wardi  in  the  false  map  turtle. 
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METHODS 

A  single  adult  male  Graptemys  pseudogeographica  was  collected  on  26  June  1996  at 
Horseshoe  Lake,  Alexander  County,  southern  Illinois.  Nematodes  were  recovered  as  they 
spontaneously  migrated  from  or  were  passed  in  the  feces  of  the  turtle  a  few  days  after  it 
had  been  transferred  from  a  container  of  lake  water  to  one  of  charcoal-filtered  tap  water. 
Nematodes  were  removed  with  a  medicine  dropper,  fixed  in  hot  70%  ethanol,  stored  in  a 
solution  of  9  parts  70%  ethanol  and  1  part  glycerin  and  cleared  for  study  in  glycerin. 
Voucher  specimens  have  been  deposited  in  the  United  States  National  Parasite  Collection, 
No.  960626. 


RESULTS  AND  DISCUSSION 

Eight  mature  nematodes  passed  in  the  feces  of  the  false  map  turtle  captured  at  Horseshoe 
Lake  were  identified  as  Falcaustra  wardi  (Mackin,  1936)  Freitas  and  Lent,  1941.  To  our 
knowledge,  the  only  nematode  reported  from  this  turtle  has  been  Serpinema  trispinosus 
(Leidy,  1852)  Yeh,  1960,  which  is  widely  distributed  in  several  species  of  turtles  in 
Canada  (Baker,  1979),  the  contiguous  United  States  (Ernst  and  Ernst,  1975)  and  Cuba 
(Barns  and  Moravec,  1967). 

According  to  Baker  (1986),  the  taxonomy  of  the  genus  Falcaustra  Lane,  1915 
(=Spironoura  Leidy,  1856)  (Cosmocercoidea,  Kathlaniidae,  Kathlaniinae)  is  confused 
because  of  the  large  number  of  species  and  the  fact  that  many  descriptions  are  inadequate. 
Falcaustra  contains  about  fifty  nominal  species  distributed  world-wide  in  poikilothermic 
vertebrates  including  fish,  amphibians,  and  reptiles. 

Our  specimens  concur  with  the  description  of  F.  wardi  as  given  by  Mackin  (1936)  and 
the  redescription  given  by  Baker  (1986).  Specimens  of  F.  wardi  in  the  present  study  are 
in  closer  agreement  with  the  measurements  reported  by  Mackin  (1936)  rather  than  those 
listed  by  Baker  (1986)  Table  1.  However,  considerable  variation  in  size  is  not  uncommon 
in  nematodes  of  this  genus. 

Males  of  F.  wardi  may  be  distinguished  from  other  species  by  the  morphology  of  the 
muscle  group  that  constitutes  a  modified  pseudosucker.  As  pointed  out  by  Baker  (1986), 
the  preanal  musculature  in  male  F.  wardi  is  divided  into  an  anterior  and  a  posterior 
group.  A  posterior  group  of  diagonally  directed  muscles  is  observed  in  all  male  species  of 
Falcaustra.  The  anterior  group  of  muscles  in  F.  wardi  is  unique  in  that  each  muscle  of 
the  group  is  directed  perpendicularly  to  the  body  cuticle  and  this  group  may  be  interpreted 
as  a  modified  pseudosucker. 

Mackin  (1936)  described  F.  wardi  from  Chelydra  serpentina  of  Oklahoma.  It  has 
subsequently  been  reported  from  the  same  host  in  Oklahoma  by  Williams  (1953)  and 
from  Ontario  by  Baker  (1986).  This  nematode  has  also  been  reported  in  Graptemys 
geographica  of  Ohio  by  Rausch  (1947).  The  report  of  F.  wardi  from  Graptemys 
pseudogeographica  in  the  present  study  constitutes  a  new  host  record  and  the  first  report 
of  this  helminth  in  a  turtle  of  Illinois. 


137 


ACKNOWLEDGMENTS 

Dr.  Ronald  Brandon  (Department  of  Zoology,  Southern  Illinois  University  at 

Carbondale),  provided  valuable  taxonomic  information  on  turtles. 

LITERATURE  CITED 

Baker,  M.  R.  1979.  Serpinema  spp.  (Nematoda:  Camallanidae)  from  turtles  of  North  America 
and  Europe.  Canadian  Journal  of  Zoology  57:  934-939. 

Baker,  M.  R.  1986.  Falcaustra  species  (Nematoda:  Kathlaniidal)  parasitic  in  turtles  and  frogs  in 
Ontario.  Canadian  Journal  of  Zoology.  64:228-237. 

BaruS,  V.,  and  F.  Moravec.  1967.  A  survey  of  helminths  from  the  Cuban  turtles  Pseudemys 
decussata  Gray  (Emydidae).  V&stnfk  Ceskoslovenske  Spole£nosti  Zoologiek6  31:  313-324. 

Ernst,  C.  H.,  and  R.  W.  Barbour.  1972.  Turtles  of  the  United  States,  The  University  Press  of 
Kentucky,  Lexington. 

Ernst,  E.  M.,  and  C.  H.  Ernst.  1975.  New  hosts  and  localities  for  turtle  helminths.  Journal  of 
the  Helminthological  Society  of  Washington.  42:  176-178. 

Gillman,  M.  M.  1991.  Helminths  of  turtles  from  southern  Illinois.  Master’s  Thesis,  Southern 
Illinois  University,  Carbondale. 

Mackin,  J.  G.  1936.  Studies  on  the  morphology  and  life  history  of  nematodes  of  the  genus 
Spironoura.  Illinois  Biological  Monographs  14,  (3):  1-64. 

Martin,  D.  R.  1972.  Distribution  of  helminth  parasites  in  turtles  native  to  southern  Illinois. 
Transactions  of  the  Illinois  State  Academy  of  Science  65:  61-67. 

Rausch,  R.  1947.  Observations  on  some  helminths  parasitic  in  Ohio  turtles.  American  Midland 
Naturalist  38:  434-442. 

Smith,  P.  W.  1961.  The  amphibians  and  reptiles  of  Illinois.  Illinois  Natural  History  Survey 
Bulletin,  Urbana,  Illinois.  28,  Article  1,  298  p. 

Williams,  R.  W.  1953.  Helminths  of  the  snapping  turtle,  Chelydra  serpentina,  from 
Oklahoma,  including  the  first  report  and  description  of  the  male  of  Capillaria  serpentina 
Harwood,  1932.  Transactions  of  the  American  Microscopical  Society  72:  175-178. 


138 


5 

I 

o 

6 

o 


<D 

CO 

O 

X 


ft 

C 

• — 

§ 

2- 

lo 

s 

"ft 

<u 

s 

B 

o 

.  u, 


03 

a  .52 

*  g 

2  3 


>> 

3 

8 


ft 

Vj 


£  •* 
O  I 

c/3  Oo 

g  ft 
O  <0 

’S  gp 

G  -2 
<D  vS 

6  2 

Q  S, 


<u 

F  I 

X 

G 

H 


73 

6 
<L> 
><  Uh 


T3 

G 

+-* 

■4— > 

G 

43 

C/3 

03 

i: 


0) 

73 

s 


x 

CO 

as 


a 

■s 

cn 


73 

B 

<o 

H, 


03 

73 


x 

co 

as 

c 

a 


73 

e 

r<u 

tLi 


a 

73 

s 


wo 


co 


wo 


G 

<0 

> 
•  *H 

O 

4-» 

o 

£ 


C/3 

G 

0) 

6 

’o 

a> 

a 

CO 


O 

£ 


<N 


CO  Tf 

i-3 

I  I 
r-  1-h 


o 

o 

o 

O 

o 

o 

so 

o 

wo 

r- 

w 

1  < 

CO 

Os 

1— t 

04 

CO  I 

1  c? 

1 

I/S 

1 

<A 

3 

4  1 

1  4 

wo 

<N 

VO 

wo 

wo 

CO 

<N 

r- 

T—l 

CO 

4 


^  _h  wo  wo  wo 

^  oo  co<NOwor-wo0o 

^.O^tlNOOOOstOM 
OOl— I— 11— IT+r— ICXDt^l— ' 


tj- 

r-  r-  r- 
as  •  co 


os 


(N  0- 


OO  Os 
CO  <N 


r- 

r- 


so 


<N 


CO 

OO 

I/O 

i— H 

r- 

r- 

o 

00 

o 

VO 

04 

r- 

o 

w  # 

o 

co 

C4 

r- 

oo 

(N 

r- 

1—4 

r—l 

?— H 

oo 

i-H 

i-H 

i-H 

CO 

1— H 

•G-  1 

1  ^ 

r- 

3 

1 

CO 

<A 

<A 

cA 

1 

wo 

1 

wo 

1 

wo 

O  1 

^  o 

1 

r- 

• 

wo 

r- 

•g- 

i-H 

VO 

VO 

OS 

00 

oo 

VO 

Os 

C4 

I—1 

CO 

o 

CO 

CO 

CO 

3 

CO 


o  o 

r-  o  o  o  oo  o 
o  ^  ^i-  o  wo  co  as 
*— i  i— i  cn  co  i-H  i^ 

<A  d  <i  <i  ci  <A>  ci 

WOXOOCNWOOgCO 


00 

oo 

7 


oo 

I 

wo 


Oo-Hyn^-H^co^ 

oo-no^cicici^ 


CO 

<N 


o 

r-  o 

CO  oo 

<A4 

co  r- 

CO 


I  e 
<§•§ 


a 
o 

-5! 

ft, 

Q)  C/3 

Oo 

"ft 
3 
43 
eo 

ft. 


o 

c 


03 

5 


43 

X 

■4— * 

G 

O 

2  CO 

I 

o 


ft 

•S  o 

‘H 

c  5 

ft,  c 

£  O 

50  G 

5  & 

•ft  -5 

^  g 
^  00 
o 


ft 

•*** 
i-*k 

C 

£■  E 

43 
03 


2 

"ft 

43 

S 


O 

X 

g 

2 

O 


B 

X 

00 

O 

a 

C/3 

X 

X 

73 

oo 

G 

J, 

G 

'G 

03 

3 

X 

• _ , 

X 

t—i 

X 

a 

rs 

X 

X 

+_J 

6 

X 

H 

W) 

c 

C/3 

3 

00 

03 

00 

G 

£ 

OO 

D 

& 

F-H 

O 

*c 

a 

H-* 

o 

*C- 

<u 

-4—4 

//> 

X 

oo 

c 

o 

D, 

b 

i 

X 

w 

oo 

•4— » 

oo 

G 

oo 

G 

U 

3 

3 

o 

G 

G 

<u 

X 

x; 

o 

c 

v/3 

o 

c 

O 

G 

03 

O 

73 

■4— > 

Cl, 

O 

C/3 

cu 

U 

< 

Oh 

0) 

■4—4 

<u 

I-H 

o 

<u 

a 

G 

‘oo 

3 

o 

C 

<u 

X 

■4—* 

C/3 

o 

<1> 

<D 

X 

c3 

3 

<G 

O, 

G 

o 

H 

o 

W 

H 

> 

> 

00 

o 

X 

a  Unless  noted  otherwise  all  measurements  are  in  micrometers, 
b  Distance  from  anterior  extremity. 


Transactions  of  the  Illinois  State  Academy  of  Science 
(1997),  Volume  90,  3  and  4,  pp.  139-145 


received  12/7/96 
accepted  3/13/97 


The  Pleasing  Fungus  Beetles 
(Coleoptera:  Erotylidae)  of  Beall  Woods 
State  Park,  Wabash  Co.,  Illinois 


Michael  A.  Goodrich 

Department  of  Zoology,  Eastern  Illinois  University 
Charleston,  IL  61920,  U.S.A. 


ABSTRACT 

A  two  year  survey  of  the  Erotylidae  of  Beall  Woods  State  Park  in  Wabash  County, 
Illinois  was  conducted  during  1995  and  1996.  Methods  included:  continuous  operation  of 
a  Malaise  trap  for  18  months;  trips  to  the  area  at  two  to  four  week  intervals  to  search 
basidiocarps  of  higher  fungi  for  Erotylidae  and  sift  forest  litter  for  Erotylidae  and  other 
Coleoptera;  and  regular  U-V  light  trapping  during  the  warm  months  when  light  attracted 
Erotylidae  might  be  captured.  Sixteen  species  of  Erotylidae  were  collected,  including  one 
new  record  for  Illinois  ( Tritoma  erythrocephala)  and  collections  of  three  specimens  of 
the  rare  Microstemus  ulkei ,  recorded  at  only  one  location  previously  in  Illinois.  The 
frequency  of  collection  of  the  sixteen  species  of  Erotylidae  was  recorded  and  the 
effectiveness  of  the  various  collecting  strategies  for  Erotylidae  was  analyzed. 


Beall  Woods  State  Park  is  a  unique  old  growth  bottomland  forest  located  in  the  valley  of 
the  Wabash  River  in  Wabash  County,  Illinois,  approximately  10  miles  southwest  of  Mt. 
Carmel,  Illinois.  Beall  Woods  State  Park  is  a  dedicated  nature  preserve,  established  in 
1966  as  the  14th  Illinois  Nature  Preserve  and  owned  by  the  Illinois  Department  of  Natural 
Resources.  It  is  also  a  designated  National  Natural  Landmark.  With  329  acres  of  forest 
preserved,  Beall  Woods  is  the  biggest  and  best  remaining  example  of  the  immense  forests 
that  once  occurred  along  the  Wabash  River.  The  nature  preserve  is  described  and  mapped 
in  the  Illinois  Department  of  Conservation's  "Directory  of  Illinois  Nature  Preserves" 
(McFall  1991). 

Information  at  the  Interpretive  Center  at  Beall  Woods  State  Park  (Anonymous  brochure) 
states  that  this  tract  of  woodland  remained  in  the  ownership  of  the  Beall  family  and  thus 
was  protected  against  active  logging  for  over  102  years.  After  the  death  of  Laura  Beall, 
the  property  was  sold  to  a  man  who  allegedly  intended  to  clear  the  land  of  trees  and  farm 
the  property.  However,  the  state  of  Illinois,  invoking  the  law  of  eminent  domain  in  1965 
against  an  unwilling  seller,  preserved  this  virgin  woodland.  The  state  received  a  grant  of 
$287,500  from  the  Federal  Land  and  Water  Conservation  Fund  to  defray  the  cost  of 
purchase  of  the  entire  635  acre  tract,  including  the  timberland.  This  action  saved  this 
unique  area  for  generations  to  come. 
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The  vegetation  and  the  environment  along  the  Wabash  River  were  described  by  Lindsey, 
et  al.  (1961).  The  vegetation  of  Beall  Woods  was  later  described  by  Ashby  &  Ozment 
(1967).  Eight  forest  types  within  the  nature  preserve  were  recognized  and  mapped  in  their 
publication.  A  total  of  340  plant  species  were  recorded  at  Beall  Woods  during  this  study, 
including  13  species  of  oaks,  seven  species  of  hickories  and  a  diversity  of  other  trees  and 
shrubs.  A  number  of  the  species  found  are  characteristic  of  the  Mississippi  River 
bottomlands  further  south,  but  not  typical  for  the  latitude  of  Beall  Woods  (38°22’).  The 
area  is  currently  being  studied  botanically  by  J.  E.  Ebinger,  in  a  research  project  that 
should  be  completed  late  in  1997. 

Twenty-two  species  of  Erotylidae  were  known  to  occur  in  Illinois  prior  to  this  research 
(Goodrich  &  Skelley  1991;  1993;  1995;  Goodrich  1994).  At  least  one  other  species, 
Pseudischyrus  extricatus  (Crotch),  is  considered  likely  to  be  found  in  Illinois,  since  Paul 
Skelley  (personal  communication)  has  reported  a  specimen  taken  in  a  U-V  light  trap  at 
Hovey  Lake,  Indiana,  which  is  in  the  extreme  southwestern  corner  of  Indiana,  just  across 
the  Wabash  River  from  Illinois  and  about  40  miles  south  of  Beall  Woods.  I  also  have 
three  records  of  P.  extricatus  from  Missouri,  including  specimens  from  Kirksville  and 
Columbia,  which  would  suggest  that  we  are  likely  to  eventually  find  this  species 
somewhere  in  southern  Illinois.  However,  a  series  of  collecting  trips  in  1990  and  1991 
to  Pounds  Hollow  in  Gallatin  County,  IL,  a  location  only  20  miles  from  Hovey  Lake, 
and  to  Hardin  County,  IL,  in  early  July  1991  and  late  June  1994,  produced  no  specimens 
of  P.  extricatus ,  despite  use  of  a  U-V  light  trap  on  each  occasion  to  sample  for  this 
strongly  light  attracted  species. 


METHODS 

Prior  to  the  initiation  of  this  study,  a  Special  Use  Permit  was  obtained  from  the  Illinois 
Nature  Preserves  Commission  to  collect  insects  at  Beall  Woods  State  Park.  To  prevent 
damage  to  natural  populations,  collecting  procedures  which  have  minimal  impact  on 
insect  populations  were  employed.  Collecting  procedures  included  the  following 
methods. 

Regular  examination  of  the  basidiocarps  of  higher  fungi  at  Beall  Woods  was  conducted  at 
2-4  week  intervals  to  sample  for  species  of  Erotylidae  and  add  to  our  published  data  on  the 
host  fungi  of  Erotylidae  (Skelley,  Goodrich  &  Leschen  1991;  Goodrich  &  Skelley  1994). 

A  light  weight  Malaise  trap  with  "wet  head"  of  the  type  described  by  Townes  (1972)  and 
produced  by  the  John  W.  Hock  Company  of  Gainesville,  FL,  was  placed  in  the  forest  and 
serviced  continuously  from  1  July  1995  to  31  December  1996.  Samples  were  collected 
each  week  from  March  to  November  and  at  two  week  intervals  from  December  to  March. 
Many  species  of  Erotylidae  are  collected  by  this  procedure,  with  species  of  the  genus 
Tritoma  being  most  frequently  taken  (Goodrich  &  Skelley  1995). 

From  March  to  November,  leaf  litter  and  "woods  trash"  were  sifted  into  a  drop  cloth  and 
the  material  resulting  placed  in  a  large  Berlese  separator  for  extraction  of  the  Coleoptera 
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from  this  debris.  Relatively  few  Erotylidae  are  collected  by  this  procedure,  but  some 
secretive  species  that  feed  on  inconspicuous  fungi  can  be  collected,  as  are  species 
hibernating  or  aestivating  under  bark. 

U-V  light  trapping  was  conducted  at  regular  intervals  from  June  to  September  each  year. 
Of  the  species  of  Erotylidae  known  to  occur  in  Illinois,  only  the  two  species  of 
Megalodacne  and  the  single  species  of  Ischyrus  are  light  attracted.  However, 
Pseudischyrus  extricatus,  which  has  been  recorded  from  southern  Indiana  and  Missouri, 
and  may  occur  in  southern  Illinois,  is  strongly  attracted  to  ultra  violet  light. 

Erotylidae  collected  in  this  study  were  mounted  and  stored  in  the  Spooner-Riegel-Goodrich 
Insect  Collection  at  Eastern  Illinois  University  (EIUC)  for  the  duration  of  the  study.  At 
the  conclusion  of  the  study  period,  half  of  these  specimens  were  deposited  in  the 
collection  of  the  Illinois  Natural  History  Survey  (INHS),  with  the  balance  retained  in  the 
E.I.U.  Collection. 


RESULTS 

A  total  of  501  specimens,  representing  16  species,  were  collected  in  this  study,  or 
examined  as  museum  specimens.  One  species,  Tritoma  erythrocephala,  was  collected  in 
Illinois  for  the  first  time,  bringing  the  number  of  species  of  Erotylidae  known  to  occur  in 
Illinois  to  23.  The  following  is  a  list  of  the  species  and  the  number  of  specimens  of  each 
species  that  have  been  collected  at  Beall  Woods, 

Dacne  quadrimaculata  (Say)  -  1  specimen 
Ischyrus  q.  quadripunctatus  (Olivier)  -  12  specimens 
Megalodacne  fasciata  (Fabricius)  -  3 1  specimens 
Megalodacne  heros  (Say)  -  1 1  specimens 
Microsternus  ulkei  (Crotch)  -  3  specimens 
Triplax  flavicollis  Lacordaire  -  148  specimens 
Triplax  puncticeps  Casey  -  1  specimen 
Triplax  thoracica  Say  -  141  specimens 
Tritoma  angulata  (Say)  -  2  specimens 
Tritoma  b.  biguttata  (Say)  -  5  specimens 
Tritoma  erythrocephala  Lacordaire  -  1  specimen 
Tritoma  humeralis  Fabricius  -  70  specimens 
Tritoma  mimetica  (Crotch)  -  36  specimens 
Tritoma  pulchra  Say  -  22  specimens 
Tritoma  sanguinipennis  (Say)  14  specimens 
Tritoma  unicolor  Say  -  3  specimens 

In  addition  to  the  results  described  above,  further  information  regarding  the  effectiveness 
of  several  collecting  strategies  for  Erotylidae  was  obtained.  Collection  of  Erotylidae  at 
Beall  Woods  from  basidiocarps  of  their  host  fungi  produced  330  specimens  of  eight 
species. 

Malaise  trapping  produced  124  specimens  of  11  species  of  Erotylidae.  This  was  a 
particularly  effective  procedure  in  collecting  species  of  Tritoma ,  collecting  every  species 
collected  by  any  means  in  the  area  and  78%  of  the  total  number  of  Tritoma  collected. 
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The  Malaise  trap  also  collected  one  specimen  of  Microsternus  ulkei,  a  rare  species 
everywhere  (Goodrich  1994).  This  type  of  trap  was  much  less  effective  in  collecting 
species  of  Megalodacne,  Triplax  and  Ischyrus,  all  of  which  were  collected  in  substantial 
numbers  by  other  procedures. 

Searching  under  bark  of  dead  trees  and  rotten  logs,  including  the  sifting  of  "woods  trash" 
and  use  of  a  Berlese  funnel  separator,  produced  24  specimens  of  the  two  species  of 
Megalodacne  and  two  additional  specimens  of  Microsternus  ulkei.  No  other  Erotylidae 
were  taken  at  Beall  Woods  by  these  procedures,  although  I  have  collected  several  species 
of  Triplax  elsewhere  by  this  methodology. 

U-V  light  trapping  collected  six  Megalodacne  fasciata  and  seven  Ischyrus 
quadripunctatus,  but  no  other  species  of  Erotylidae  were  taken.  Boyle  (1956)  and 
Skelley  (1988)  have  commented  that  Pseudischyrus  extricatus  is  attracted  to  light,  and  I 
have  taken  over  100  specimens  in  an  U-V  light  trap  in  a  single  night  at  Bastrop  State 
Park  in  east  Texas.  For  this  reason,  U-V  light  traps  were  operated  extensively  in  June 
and  July  of  1995  and  1996  (the  two  months  in  which  P.  extricatus  has  been  collected  in 
Indiana  and  Missouri),  but  no  specimens  were  collected. 

In  our  comprehensive  treatment  of  the  Illinois  species  of  Tritoma  (Goodrich  &  Skelley 
1995),  we  commented  on  the  variation  in  the  extent  of  black  pigmentation  on  the  elytra 
of  T.  pulchra.  Of  the  22  specimens  of  T.  pulchra  collected  at  Beall  Woods,  I  found  the 
full  range  of  variation  described  in  that  paper,  varying  continuously  from  individuals  with 
the  orange  area  reduced  to  a  triangular  sutural  area  with  extensive  black  lateral  areas  to 
individuals  with  the  elytra  largely  orange  and  the  black  areas  reduced  to  thin  bands  at  the 
lateral  margins. 


DISCUSSION 

The  collection  of  Tritoma  erythrocephala  in  Illinois  requires  a  modification  of  our  key 
to  the  Illinois  species  of  Tritoma  (Goodrich  &  Skelley  1995).  In  our  1995  publication  T. 
erythrocephala  keys  to  couplet  #11.  To  identify  it  and  the  remaining  three  species,  our 
key  should  be  modified  from  couplet  #1 1  to  the  end  as  follows: 

11.  Hind  tibiae  weakly  expanded  and  rounded  at  apical  angles .  12 

Hind  tibiae  strongly  expanded  and  angular  at  apical  angles .  13 

12.  Pronotal  punctures  large  and  sparse  on  the  disc,  becoming  smaller  and  denser 

laterally;  head  and  body  uniformly  black  .  unicolor 

Pronotal  punctures  of  almost  uniform  size,  only  slightly  smaller  and  denser  laterally; 
head  reddish,  body  black  .  erythrocephala 

13.  Legs  yellow,  contrasting  with  darker  body  color;  body  shining  above  and  below; 

small  beetles,  3. 0-4. 3  mm  long  .  angulata 

Legs  dark,  colored  as  body;  body  dull  rather  than  shining;  larger  beetles,  3. 8-5.7  mm 
long  .  tenebrosa 

Tritoma  erythrocephala  is  primarily  a  southeastern  species.  Boyle  (1956)  recorded  it  as 
distributed  in  "Eastern  North  America  from  Florida  to  New  York,  southwestward  to 
Texas."  Skelley  (1988)  mapped  its  distribution  as  on  the  eastern  seaboard  as  far  north  as 
Massachusetts,  but  recorded  no  specimens  in  the  Middle  West  north  of  Tennessee  and 
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Arkansas.  I  have  seen  a  specimen  labeled  "Mo."  from  the  Ulke  Collection  in  the 
Carnegie  Museum,  and  a  series  of  1 1  specimens  from  Topeka,  KS,  in  the  Field  Museum 
of  Natural  History,  but  this  is  the  first  specimen  taken  in  Illinois. 

The  collections  of  Microsternus  ulkei  in  this  study  represent  only  the  second  locality  in 
Illinois  where  this  rare  species  has  been  collected.  The  first  collections  were  near 
Allendale,  IL,  also  in  Wabash  County,  in  a  second  growth  forest  overlooking  the  Wabash 
River  (Goodrich  1994).  These  new  collections  add  additional  seasonal  data.  My  Illinois 
collections  at  Beall  Woods  and  near  Allendale  were  all  between  18-25  April  and  16  May. 
From  throughout  its  national  range  (south  and  east  of  Illinois)  I  have  recorded  specimens 
collected  between  6  April  and  4  September.  We  still  have  very  little  data  on  its  fungal 
hosts  (Skelley,  Goodrich  &  Leschen  1991;  Goodrich  1994). 

The  record  of  Triplax  puncticeps  at  Beall  Woods  extends  the  known  range  of  this  species 
75  miles  north  of  our  first  records  of  the  species  in  Illinois  (Goodrich  &  Skelley  1993) 
and  well  north  of  any  record  in  any  state.  Triplax  puncticeps  is  primarily  a  species  of  the 
southeastern  states,  which  is  active  from  October  to  May,  apparently  aestivating 
throughout  the  warm  months.  The  occurrence  of  this  species,  usually  found  much  further 
south,  is  a  parallel  to  the  observations  of  Ashby  &  Ozment  (1967)  regarding  the 
distribution  of  southern  species  of  trees  in  Beall  Woods.  Based  on  my  records  of  536 
specimens  from  throughout  its  range,  including  17  from  Illinois,  adults  of  T.  puncticps 
are  found  in  basidiocarps  of  Pleurotus  ostreatus,  often  together  with  adults  of  T. 
thoracica  and  T.  flavicollis.  Our  Beall  Woods  specimen  was  collected  on  May  16 
with  10  7.  flavicollis  and  three  T.  thoracica. 

With  regard  to  the  effectiveness  of  collecting  strategies,  the  Malaise  trap  was  a 
particularly  effective  tool  in  sampling  the  Erotylidae  of  Beall  Woods.  Although  it  does 
not  attract  insects,  it  intercepts  flying  or  crawling  insects  24  hours  a  day  and  has  proven 
to  be  an  excellent  sampler  for  insects  in  movement.  I  have  previously  found  the  Malaise 
trap  to  be  an  effective  sampler  for  the  presence  of  some  species  of  Erotylidae,  particularly 
members  of  the  genus  Tritoma  (Goodrich  &  Skelley  1995).  At  Beall  Woods,  every 
species  of  Tritoma  collected  by  any  means  was  taken  by  this  procedure.  Of  the  155 
Tritoma  collected,  121  were  collected  by  the  Malaise  trap.  In  addition,  a  Malaise  trap 
produced  the  first  three  specimens  of  Microsternus  ulkei  taken  in  Illinois  (Goodrich 
1994)  and  one  of  the  three  specimens  collected  at  Beall  Woods  in  this  study.  In  contrast, 
none  of  the  Dacne  or  Triplax ,  only  three  of  the  Megalodacne,  and  three  Ischyrus 
quadripunctatus  collected  during  this  study  were  taken  in  the  trap. 

Sifting  of  litter,  bark  and  other  "woods  trash"  has  frequently  produced  otherwise  rarely 
collected  forest  insects  (Stephan,  1989),  but  does  not  usually  produce  large  numbers  of 
Erotylidae.  However,  in  this  study,  two  specimens  of  Microsternus  ulkei,  a  rare  species 
of  which  only  four  other  Illinois  specimens  have  been  collected,  were  taken  by  this 
procedure.  Since  this  procedure  only  samples  a  tiny  percentage  of  the  forest  habitat,  it 
can  discover  the  presence  of  a  rarely  collected,  secretive  species  without  any  adverse  effect 
on  the  population  of  that  species. 
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The  fact  that  no  specimens  of  Pseudischyrus  extricatus  were  taken  by  U-V  light  trapping 
in  June  or  July  of  1995  and  1996,  suggests  that  this  species  is  not  present  at  Beall 
Woods,  despite  the  record  from  nearby  Hovey  Lake,  IN.  I  will  continue  to  look  for  this 
species  in  forested  areas  in  southern  Illinois,  using  the  U-V  light  trap,  as  well  as 
knowledge  of  its  fungal  hosts. 

Five  species  of  Triplax  reported  earlier  from  Illinois  (Goodrich  &  Skelley  1993)  were  not 
taken  at  Beall  Woods.  Two  of  these,  T.  dissimulator  and  T.  frosti ,  are  of  northern 
distribution  and  are  unlikely  to  be  present  there.  Another,  T.  macra,  is  an  uncommon 
species  and  may  also  not  be  found  In  contrast,  I  have  taken  the  two  other  species,  T. 
frontalis  and  T.  festiva ,  at  many  locations  in  central  and  southern  Illinois,  and  they  may 
eventually  be  found  at  Beall  Woods  as  well. 

I  would  be  pleased  to  examine  and  identify  Erotylidae  from  anywhere  in  the  United  States, 
to  add  to  my  database  of  distributional  and  seasonal  information. 
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ABSTRACT 

We  examined  variation  in  the  size  and  shape  of  387  adult,  female  white-tailed  deer 
( Odocoileus  virginianus )  skulls  from  the  eastern  and  midwestem  United  States  using  a 
sheared  principal  components  analysis.  Within-group  variation  in  size  was  significant, 
resulting  in  little  separation  of  groups  on  this  axis.  Analysis  of  skull  shape  suggested 
greatest  separation  of  those  groups  with  more  biogeographically  divergent  backgrounds, 
based  upon  the  current  geographic  distance  between  some  populations  and  the  history  of 
relocations  of  others.  Established  populations  may  have  retained  morphological 
characteristics  of  stock  introduced  into  these  areas. 

Key  Words:  Odocoileus,  crania,  morphometry 


INTRODUCTION 

The  study  of  geographic  variation  is  central  to  biogeography  and  the  study  of  speciation. 
This  information  is  also  of  importance  to  biologists  interested  in  qualitative  differences 
between  or  among  populations  and  the  reasons  for  such  differences.  The  elucidation  of 
geographic  patterns  of  phenotypic  and  genetic  variability  allow  the  formation  and  testing 
of  hypotheses  regarding  the  underlying  causes  of  variation  and  ultimately  the  speciation 
process. 

It  has  been  suggested  that  variations  in  the  external  environment  have  a  greater  influence 
on  size  than  shape  (Jolicouer  and  Mosiman  1960;  Rees  1969a,  1970).  Thus  shape  should 
be  a  better  predictor  of  genetic  affinities  between  groups.  Humphries  et  al.  (1981:291) 
defined  shape  as  the  "geometry  of  the  organism  after  information  about  position,  scale, 
and  orientation  has  been  removed". 

Rees  (1969a)  believed  that  genetic  affinities  among  groups  might  be  a  function  of 
geographic  distance  if  the  following  conditions  were  met: 
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1)  long  occupation  of  the  range  represented  by  the  breeding  groups  under  consideration, 

2)  no  behavioral  patterns  that  preclude  random  mating  among  neighboring  animals, 

3)  no  migration  of  animals, 

4)  gradual  environmental  change  throughout  the  range  under  consideration  so  that  the 
effect  of  selection  would  be  a  regular  function  of  distance,  and, 

5)  genetic  continuum  throughout  the  range  represented  by  the  breeding  groups  under 
consideration. 

Rees  (1969a:96)  stated  that  "under  these  conditions  the  geographically  close  groups  would 
have  greater  genetic  affinities  than  would  the  more  distant  groups,  so  geographic  distance 
could  be  used  to  predict  relative  genetic  affinities.”  White-tailed  deer  provide  an 
interesting  test  of  the  propensity  of  shape  to  reflect  genetic  affinities,  given  their  broad 
geographic  range,  history  of  reintroductions,  and  low  rates  of  interdemic  gene  flow.  Our 
objectives  were  to  examine  size  and  shape  variation  in  the  skull  of  white-tailed  deer  and  to 
explore  whether  shape  could  be  used  to  predict  hypothesized  genetic  affinities,  based  on 
current  and  past  geographic  relationships. 

METHODS 

A  total  of  387  adult  (>  2  years  of  age),  female  white-tailed  deer  skulls  from  16  localities 
within  the  eastern  and  midwestem  United  States  were  examined  (Fig.  1).  Museum 
specimens  were  examined  when  available;  otherwise  crania  were  solicited  from  hunters. 
Restricting  analyses  to  adult  females  reduced  the  effects  of  age-related  variation,  and 
removed  the  effects  of  secondary-sexual  variation. 

Age  of  specimens  was  determined  according  to  tooth  eruption  and  wear  (Severinghaus 
1949).  Cleaned  and  dried  crania  and  rami  were  measured  with  a  Helios  dial  micrometer 
(0.05  mm  calibration)  and  a  Dunlap  measuring  board  (1.0  mm  calibration).  Twenty 
standard  measurements  taken  from  each  skull  are  listed  and  described  in  Appendix  A. 
Collection  localities  and  museums  housing  specimens  are  presented  in  Appendix  B. 

Data  were  initially  examined  using  descriptive  statistics,  frequency  histograms,  stem  and 
leaf  plots,  and  scatter  plots;  no  outliers  were  detected,  and  assumptions  of  normality, 
linearity,  homoscedasticity,  and  homogeneity  of  variance-covariance  matrices  (Box’s  M) 
were  met.  Specimens  were  grouped  by  collection  locality.  A  principal  components 
analysis  was  used  to  examine  within-group,  and  subsequently  among-group,  variation  and 
to  examine  relationships  among  variables.  Principal  components  were  factored  from  the 
covariance  matrix  of  morphometric  characters  as  suggested  by  Bookstein  et  al.  (1985). 
The  second  and  third  components  were  sheared  to  remove  the  overall  size  effects,  using  a 
program  designed  by  D.  L.  Swofford  of  the  Smithsonian  Institute.  Shearing  involves 
removing  size  using  coefficients  derived  by  regressing  size  on  principal  components 
centered  by  group;  the  residuals  approximate  a  shape  discriminating  factor  uncorrelated 
with  size  (Humphries  et  al.  1981). 
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According  to  Thorpe  (1983)  and  others,  interpreting  ordinations  using  large  samples  can 
be  misleading,  given  a  large  degree  of  character  variation  which  might  mask 
biogeographic  patterns.  Following  Chernoff  (1982)  and  Matthews  (1987),  2  sets  of  5 
localities  were  chosen  randomly,  with  the  stipulation  that  no  more  than  2  localities  from 
the  same  subspecies,  or  from  within  Illinois,  be  included  within  the  same  set.  Each  set 
was  then  subjected  to  a  sheared  principal  components  analysis  to  explore  whether 
localities  could  be  distinguished  in  principal  component  space.  The  degree  of  overlap 
between  groups  was  determined  using  a  dot  grid,  where  the  number  of  dots  in  shared  space 
/  total  number  of  dots  in  polygon  of  interest  x  100  =  %  overlap. 

RESULTS 

Factor  loadings  on  the  size,  sheared  PC-II,  and  sheared  PC-III  axes  for  the  first  random  set 
of  localities  accounted  for  52%,  12%,  and  8%  of  the  total  variance,  respectively  (Table  1). 
Loadings  on  the  size  axis  indicated  that  skeletal  (i.e.  non-dental  cranial)  characters  were 
more  important  to  the  size  component  than  were  dental  characters  (length  of  the  upper  or 
lower  molariform  tooth  rows).  Loadings  on  the  sheared  PC-II  axis  contrasted  the  width  of 
the  nasals,  and  to  a  lesser  degree  width  of  the  rostrum,  with  all  of  the  length 
measurements  (particularly  length  of  the  nasals  and  height  of  the  mandible).  Thus, 
specimens  with  shorter  crania  and  mandibles  had  broader  nasals  and,  to  a  lesser  degree, 
broader  rostra.  Loadings  on  the  sheared  PC-III  axis  contrasted  length  of  the  incisive 
foramin  with  the  width  of  the  rostrum,  postpalatal  length,  and  width  across  the  occipital 
condyles.  Thus,  specimens  with  longer  incisive  foramina  were  characterized  by  narrower 
rostra,  shorter  skulls  posterior  to  the  palate,  and  were  narrower  across  the  occipital 
condyles. 

Ordination  of  individual  component  scores  for  the  first  random  set  of  regions  revealed 
much  overlap  between  groups  on  the  size  and  sheared  PC-II  axes  (Fig.  2a).  The  Missouri 
and  Tennessee  samples  were  largely  separated  (>80%  nonoverlap)  on  the  combined  sheared 
PC-II  and  sheared  PC-III  axes  (Fig.  2b).  The  Tennessee  sample  exhibited  varying  degrees 
of  nonoverlap  with  the  remaining  samples.  The  northwestern  Illinois,  southcentral 
Illinois,  and  Kansas  samples  were  not  distinctive.  While  the  northwestern  Illinois 
polygon  essentially  completely  enclosed  the  Missouri  specimens,  the  Kansas  and 
southcentral  Illinois  samples  overlaid  the  Missouri  polygon  by  72.7%  and  57.7%, 
respectively. 

Factor  loadings  on  the  size,  sheared  PC-II,  and  sheared  PC-III  axes  for  the  second  random 
set  of  localities  accounted  for  41%,  15%,  and  9%  of  the  total  variance,  respectively  (Table 
2).  Loadings  on  the  size  axis  indicated  that  skeletal  characters  were  of  greater  importance 
to  this  axis  than  were  dental  characters.  Loadings  on  the  sheared  PC-II  axis  contrasted  the 
width  of  the  nasals  with  all  of  the  length  measurements  (particularly  length  of  the  nasals 
and  diastema  width).  Thus,  specimens  with  shorter  skulls  were  characterized  by  broader 
nasals.  Loadings  on  the  sheared  PC-III  axis  contrasted  the  length  of  the  incisive  foramin 
and  to  a  lesser  degree  the  length  of  the  diastema  with  the  length  of  the  upper  and  lower 
molariform  tooth  rows,  length  of  the  skull  posterior  to  the  palate,  height  of  the  mandible, 
and  3  width  measurements  (width  across  M2M2,  condylar  width,  and  rostral  width). 
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Ordination  of  individual  principal  component  scores  for  the  second  random  set  of  regions 
revealed  a  large  degree  of  overlap  between  most  groups  on  the  size  and  sheared  PC-II  axes 
(Fig.  3a).  The  Minnesota  polygon,  however,  coincided  with  only  42.6%  of  the  South 
Carolina  sample.  Southern  Illinois  overlaid  the  Minnesota,  westcentral  Illinois,  and 
Michigan  samples  by  42.9%,  55.7%,  and  60.0%,  respectively.  The  southern  Illinois 
polygon  exhibited  93.6%  congruence  with  the  South  Carolina  sample.  The  westcentral 
Illinois,  Minnesota,  and  Michigan  polygons  were  not  distinctive. 

The  South  Carolina  and  Minnesota  samples  were  clearly  separated  on  the  combined 
sheared  PC-II  and  sheared  PC-III  axes  (Fig.  6b).  The  southern  Illinois  polygon  was 
shifted  toward  the  lower  right,  and  overlaid  the  Minnesota,  westcentral  Illinois,  and 
Michigan  samples  by  34.7%,  46.9%,  and  58.9%,  respectively.  Southern  Illinois 
overlapped  41.2%  of  the  South  Carolina  sample.  The  westcentral  Illinois  sample 
superimposed  86.4%  and  89.0%  of  the  Minnesota  and  Michigan  polygons,  respectively. 
The  Michigan  polygon  overlapped  31.5%  of  the  southern  Illinois  and  52.3%  of  the 
Minnesota  samples. 


DISCUSSION 

Sheared  principal  components  analysis  indicated  that  there  was  a  relatively  large  size 
component  to  the  observed  variation  in  cranial  characters.  White-tailed  deer  exhibit  a  high 
degree  of  genetic  and  morphometric  variation  at  the  individual  level  (Long  1968;  Smith  et 
al.  1984),  which  might  be  expected  in  a  large,  herbivorous  placental  occupying  a  broad 
niche  (Long  1969). 

Our  results  suggested  a  length-width  relationship,  in  that  animals  with  longer  skulls  had 
narrower  crania.  McCain  (1970)  found  a  change  in  the  proportion  of  skull  length  and 
width  with  age  in  the  Key  deer,  Odocoileus  virginianus  clavium ,  and  both  McCain 
(1970)  and  Maffei  et  al.  (1988)  suggested  several  length-width  ratios  which  they  thought 
might  be  used  to  distinguish  some  subspecies. 

We  detected  a  large  degree  of  separation  between  Tennessee  and  Missouri,  its  nearest 
geographic  neighbor,  on  the  sheared  PC  axes.  This  agrees  with  discriminant  function 
(Levengood  1991)  and  UPGMA  cluster  analyses  (Levengood  1991;  Levengood  et  al. 
1994)  of  the  same  samples.  The  distinctiveness  of  these  2  groups  may  reflect  their 
genetic  ancestry.  The  southwestern  Tennessee  herd  was  descended  from  introduced  North 
Carolina,  Oklahoma,  and  Texas  stock  (TN  Wildl.  Res.  Agency  1991),  while  the  Missouri 
herd  was  comprised  of  Michigan,  Minnesota,  and  native  stock  (Robb  1959).  Rees 
(1969b)  found  that  mandible  size  had  not  decreased  in  a  Tennessee  population  descended 
from  northern  (MI  and  WI)  stock. 

The  lack  of  differentiation  between  samples  from  Kansas  and  the  2  Illinois  localities 
agrees  with  Rees  (1969b),  who  found  that  mandibles  from  both  northeastern  and 
southeastern  Kansas  grouped  with  northcentral  samples.  In  another  study  (Levengood  et 
al.  1994)  the  Kansas  sample  clustered  with  large  specimens  from  more  northerly 
localities.  The  existing  Kansas  deer  herd  is  the  result  of  expansions  of  remnant 
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populations  following  near-extirpation  during  the  late  19th  and  early  20th  centuries  (K. 
Sexson,  KS  Dept.  Wildlife  and  Parks,  pers.  commun.). 

Our  results  indicated  greater  discrimination  between  Missouri  and  both  the  Kansas  and 
southcentral  Illinois  samples,  as  compared  to  northwestern  Illinois.  This  contrasts  the 
findings  of  Levengood  et  al.  (1994),  however,  the  phenetic  distance  between  the  Kansas, 
northwestern  Illinois,  and  southcentral  Illinois  samples  in  their  study  was  small.  Rees 
(1969b)  found  that  archeological  and  contemporary  Missouri  samples  grouped  with  the 
northcentral  region,  based  on  a  series  of  dental  characters.  The  present  Missouri  herd  is  a 
result  of  the  expansion  of  several  remnant  populations  and  restocking  of  unoccupied 
ranges  using  animals  from  these  expanding  populations,  as  well  as  deer  from  Michigan 
and  Minnesota  (Robb  1959).  It  is  plausible  that  our  Missouri  sample  represents  an 
intergradation  between  northern  and  southern  forms,  since  Minnesota  x  Missouri  hybrids 
were  used  to  stock  some  areas  (Robb  1959).  Levengood  (1991)  found  the  Missouri 
sample  to  be  intermediate  between  large  (northern)  and  small  (southern)  morphotypes. 

In  the  present  study  the  range  of  variation  in  the  northwestern  Illinois  sample 
encompassed  nearly  all  of  that  observed  in  the  Missouri  and  southcentral  Illinois  samples. 
Deer  from  Illinois  and  Missouri  share  a  common  background,  since  animals  from 
Michigan  were  used  in  restocking  programs  in  both  states  (Pietsch  1954;  Robb  1959). 
While  the  southcentral  Illinois  and  southeastern  Missouri  sampling  localities  were 
geographically  close,  these  herds  are  separated  by  the  Mississippi  River  which  may 
provide  an  impediment  to  genetic  exchange  in  a  species  characterized  by  low  rates  of 
interdemic  gene  flow. 

The  Minnesota  and  South  Carolina  samples  exhibited  nearly  complete  separation  on  the 
shape  axes.  Deer  inhabiting  the  Minnesota  sampling  area  were  descended  from  the 
original  herd  occupying  this  region  (J.  Mooty,  MN  DNR,  pers.  commun.).  Similarly, 
the  Savannah  River  Plant  herd  (SC)  is  descended  from  remnants  of  native  herds  which 
persisted  along  the  Savannah  River  corridor  (Hillestad  1984). 

The  low  congruence  between  the  Minnesota  and  Michigan  samples  on  the  combined 
major  shape  axes  may  be  the  result  of  a  combination  of  isolation  by  distance  and 
obstruction  of  gene  flow.  Rees  (1970)  theorized  that  dissimilarities  in  skull  shape 
between  deer  from  Upper  and  Lower  Michigan  (separated  by  the  Strait  of  Macinac) 
reflected  their  genetic  isolation. 

The  greater  congruence  between  the  westcentral  Illinois  and  Michigan  and  Minnesota 
samples,  as  compared  with  southern  Illinois,  may  reflect  the  history  of  the  Illinois  deer 
herd.  White-tailed  deer  were  virtually  eliminated  from  Illinois  by  the  early  20th  century, 
the  last  reported  sightings  coming  from  southern  Illinois  around  1910  (Pietsch  1954; 
Calhoun  and  Loomis  1974).  The  reintroduction  of  deer  into  Illinois  began  in  the  1930s, 
with  some  animals  provided  by  Michigan  and  Wisconsin  (Pietsch  1954).  Remnant 
populations  probably  persisted  in  more  inaccessible  portions  of  southern  Illinois  (Pietsch 
1954;  Calhoun  and  Loomis  1974),  however,  the  degree  to  which  these  genotypes  were 
conserved  remains  unknown. 
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Our  analysis  of  shape  revealed  greatest  separation  between  groups  with  more  divergent 
backgrounds,  based  upon  geographic  distance,  impediments  to  genetic  exchange,  and 
history  of  relocations.  While  Gavin  and  May  (1988)  demonstrated  an  association  between 
genetic  and  geographic  distance  in  a  study  of  white-tailed  deer  from  the  Pacific  northwest 
and  New  York,  Ellsworth  et  al.  (1994a)  concluded  that  distance  was  not  an  important 
factor  in  mtDNA  differentiation  in  populations  from  the  southeastern  United  States. 
Leberg  et  al.  (1994)  failed  to  detect  a  clear  relationship  between  genetic  and  geographic 
distance  in  deer  from  the  eastern  United  States.  These  authors  did,  however,  find  an 
association  between  reintroduction  history  and  both  genetic  and  geographic  distances. 

Ellsworth  et  al.  (1994b)  concluded  that  relocated  deer  contributed  little  to  the  genetic 
make-up  of  populations  from  the  southeastern  United  States.  The  authors  postulated  that 
in  certain  instances,  local  gene  pools  might  have  been  impacted  through  the  introduction 
of  animals  from  other  herds.  Leberg  et  al.  (1994)  concluded  that  gene  flow  between 
native  and  introduced  herds  has  not  been  sufficient  to  completely  eliminate  characteristics 
of  source  populations.  This  is  not  inconsistent  with  Ellsworth  et  al.  (1994a),  who 
concluded  that  the  behavioral  characteristics  of  this  species  which  restricted  gene  flow 
between  populations  were  sufficient  to  maintain  phylogeographic  patterns. 

The  introduced  populations  in  our  study  may  have  retained  morphological  characteristics 
of  stock  reintroduced  into  the  areas  sampled.  The  degree  to  which  these  characteristics 
were  conserved  may  be  dependent  upon  the  number  of  animals  representing  native  stock 
inhabiting  these  areas  and  the  success  of  reintroduced  animals  in  establishing  founder 
populations.  Such  information  has  ramifications  for  biogeographic  studies  and  species 
reintroductions. 
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Table  1.  Sheared  principal  component  loadings  for  20  cranial  characters  from  146 
specimens  of  Odocoileus  virginianus  from  five  regions  (first  random  set)  of 
the  eastern  and  midwestem  United  States. 


Character 

Size 

Sheared 

PC-II 

Sheared 

PC-HI 

Greatest  length  skull 

0.19 

-0.15 

-0.07 

Condlobasal  length 

0.18 

-0.15 

-0.07 

Nasal  length 

0.25 

-0.29 

-0.07 

Least  nasal  width 

0.45 

0.78 

0.09 

Least  interorbital  width 

0.22 

-0.02 

-0.07 

Zygomatic  width 

0.17 

0.00 

-0.10 

Palatal  length 

0.20 

-0.17 

-0.04 

Palatal  width 

0.24 

-0.12 

-0.13 

Length  UPM2M3 

0.07 

-0.18 

0.00 

Length  LPM2M3 

0.05 

-0.17 

0.06 

Width  across  M2M2 

0.15 

0.00 

-0.09 

Diastema  length 

0.33 

-0.16 

-0.12 

Cranial  breadth 

0.16 

0.02 

-0.07 

Cranial  height 

0.14 

-0.02 

-0.00 

Incisive  foramine 

0.33 

-0.19 

0.89 

Postpalatal  length 

0.14 

-0.15 

-0.19 

Condylar  width 

0.14 

-0.09 

-0.15 

Rostral  breadth 

0.30 

0.15 

-0.21 

Mandible  length 

0.18 

-0.14 

-0.10 

Mandible  height 

0.22 

-0.16 

-0.13 

%  of  variance 

52.0 

12.0 

8.0 
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Table  2.  Sheared  principal  component  loadings  for  20  cranial  characters  from  175 
specimens  of  Odocoileus  virginianus  from  five  regions  (second  random  set)  of 
the  eastern  and  mid  western  United  States. 


Character 

Size 

Sheared 

PC-II 

Sheared 

pc-m 

Greatest  length  skull 

0.15 

-0.19 

-0.06 

Condylobasal  length 

0.15 

-0.21 

-0.07 

Nasal  length 

0.20 

-0.38 

-0.12 

Least  nasal  width 

0.62 

0.63 

0.02 

Least  interorbital  width 

0.22 

-0.01 

-0.08 

Zygomatic  width 

0.16 

-0.02 

-0.06 

Palatal  length 

0.18 

-0.24 

-0.02 

Palatal  width 

0.25 

-0.03 

-0.03 

Length  UPM2M3 

0.02 

-0.13 

-0.16 

Length  LPM2M3 

0.02 

-0.12 

-0.24 

Width  across  M2M2 

0.14 

-0.04 

-0.15 

Diastema  length 

0.26 

-0.30 

0.16 

Cranial  breadth 

0.10 

-0.02 

-0.10 

Cranial  height 

0.12 

0.01 

-0.12 

Incisive  foramin 

0.32 

-0.18 

0.79 

Postpalatal  length 

0.11 

-0.09 

-0.17 

Condylar  width 

0.07 

-0.23 

-0.25 

Rostral  breadth 

0.29 

0.09 

-0.23 

Mandible  length 

0.15 

-0.19 

-0.07 

Mandible  height 

0.18 

-0.12 

-0.18 

%  of  variance 

41.0 

15.0 

9.0 
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Figure  1.  Map  depicting  collection  localities  for  Odocoileus  virginianus  skulls  examined 
in  this  study. 


Sheared  PCIII  Sheared  PCII 
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Figure  2.  Results  of  a  sheared  principal  components  analysis  of  the  first  random  set  of 
localities:  a,  axes  I  (size)  and  II,  and  b,  axes  II  and  III.  Polygons  enclose 
individual  scores  for  a  given  region. 


a 


Sheared  PCm  Sheared  PCII 
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Figure  3.  Results  of  a  sheared  principal  components  analysis  of  the  second  random  set  of 
localities:  a,  axes  I  (size)  and  II,  and  b,  axes  II  and  III.  Polygons  enclose 
individual  scores  for  a  given  region. 


a 


Sheared  PCII 
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APPENDIX  A 

Description  of  cranial  measurements 

Greatest  length  of  skull  -  from  anterior  edge  of  premaxillae  to  posterior  point  of  skull 
Condylobasal  length  -  from  anterior  edge  of  premaxillae  to  posteriormost  edge  of  occipital 
condyles 

Nasal  length  -  greatest  anterio-posterior  length  of  nasals 
Least  nasal  length  -  narrowest  width  across  nasals 

Rostral  breadth  -  greatest  breadth  of  rostrum  measured  through  a  line  extending  ventrally 
from  the  posteriormost  edge  of  the  premaxillary-maxillary  suture 
Least  interorbital  width  -  narrowest  width  between  the  orbits 
Cranial  breadth  -  greatest  width  of  the  braincase  measured  across  the  squamosals 
Cranial  height  -  greatest  height  of  the  braincase  measured  vertically  from  the  basisphenoid 
to  the  juncture  of  the  front-parietal  sutures 
Upper  PM2-M3  -  length  upper  molariform  tooth  row,  measured  at  the  tartar  line 
Lower  PM2-M3  -  length  lower  molariform  tooth  row,  measured  at  the  tartar  line 
Width  across  M2-M2  -  distance  between  the  lateral  edges  of  M2  at  the  posterior  lateral 
margin  of  tooth 

Diastema  length  -  posterior  margin  alveolus  of  the  canine  to  anterior  margin  alveolus  of 
first  premolar 

Zygomatic  width  -  greatest  width  across  zygomatic  arches 

Palatal  length  -  anterior  edge  of  premaxillae  to  staphylion 

Palatal  width  -  least  width  of  palate 

Incisive  foramen  -  greatest  length  anterior  palatal  foramen 

Postpalatal  length  -  anterior  rim  foramen  magnum  to  staphylion 

Condylar  width  -  distance  between  lateral  borders  of  occipital  condyles 

Mandible  length  -  greatest  length  of  ramus 

Mandible  height  -  vertical  distance  from  base  of  mandible  to  tip  of  coronoid  process 
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APPENDIX  B 

Specimens  Examined 

Collection  localities,  number  of  specimens,  and  acronyms  of  museums  housing 
specimens. 

ILLINOIS:  Adams  Co.,  16  (CWRL);  Adams  or  Pike  Co.,  30  (CWRL);  Alexander 
Co.,  Horseshoe  Lake  Conservation  Area,  14  (CWRL),  Horseshoe  Lake  Conservation 
Area  or  Crab  Orchard  National  Wildlife  Refuge  (Williamson  Co.),  4  (CWRL);  Carroll 
Co.,  11  (CWRL),  Carroll  or  JoDaviess  Co.,  4  (CWRL);  Carroll,  Jo  Daviess,  or 
Whiteside  Co.,  37  (CWRL);  Jefferson  Co.,  8  (CWRL);  Jo  Daviess  Co.,  10  (CWRL); 
Pike  Co.,  25  (CWRL);  Washington  Co.,  12  (CWRL);  Williamson  Co.,  Crab  Orchard 
NWR,  56  (CWRL).  KANSAS:  Douglas  Co.,  1  (KU);  Douglas,  Jefferson,  or 
Leavenworth  Co.,  24  (CWRL);  Johnson  Co.,  1  (KU);  Leavenworth  Co.,  3  (KU). 
MICHIGAN:  Clinton,  Ingham,  or  Shawassee  Co.,  24  (CWRL);  Livingston  Co.,  George 
Reserve,  6  (UMMZ).  MINNESOTA:  Cook,  Itasca,  Lake,  St.  Louis  C.,  34  (CWRL). 
MISSOURI:  Cape  Girardeau  Co.,  27  (CWRL).  SOUTH  CAROLINA:  Aiken/Bamwell 
Cos.,  Savannah  River  Plant,  17  (CWRL).  TENNESSEE:  Carroll/Henderson  Cos., 
Natchez  Trace  WMA,  1  (MSUMZ);  Fayette/Hardeman  Cos.,  Ames  Plantation,  2 
(MSUMZ);  Hardeman  Co.,  3  (MSUMZ);  Haywood  Co.,  1  (MSUMZ),  Hatchie  NWR,  11 
(MSUMZ);  Henderson  Co.,  1  (MSUMZ);  Shelby  Co.,  Shelby  Forest  WMA,  4 
(MSUMZ). 
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ABSTRACT 

A  description  of  naturally-occurring  newly  transformed  froglets  of  the  Illinois  chorus  frog, 
Pseudacris  streckeri  illinoensis,  is  presented.  Coloration  of  all  froglets  is  a  uniform 
reddish  brown  in  color  with  a  much  darker  shaded  tail  stub.  Uniform  coloration  is  cryptic 
when  associated  with  the  wet  sand  on  which  the  frogs  emerge.  Mean  snout- vent  length 
for  208  specimens  averaged  19  mm  with  a  mean  tail  stub  length  of  10  mm.  Mean  snout- 
vent  length  for  frogs  that  reabsorbed  the  tail  stub  was  21  mm  for  506  specimens.  Snout- 
vent  length  of  froglets  in  this  population  is  large  compared  to  congeners. 

INTRODUCTION 

Several  previous  publications  provide  details  on  the  life  history  of  the  Illinois  chorus 
frog,  Pseudacris  streckeri  illinoensis,  including  information  on  feeding  habits  (Brown, 
1978),  burrowing  behavior  (Axtell  and  Haskell,  1977;  Brown  et  al.,  1972;  Tucker  et  al., 
1995),  distribution  (Smith,  1951;  1961;  1966;  Holman  et  al.,  1964;  Axtell  and  Haskell, 
1977;  Taubert  et  al.,  1982;  Gilbert,  1986;  Johnson,  1987;  Brown  and  Rose,  1988), 
chorus  sites  (Brown  and  Rose,  1988),  fecundity  (Butterfield  et  al.,  1989),  and 
morphological  adaptations  to  fossorial  existence  (Paukstis  and  Brown,  1987;  1991). 
However,  virtually  nothing  is  known  about  newly  transformed  froglets.  This  is  unusual 
because  with  few  exceptions  the  morphology  of  newly  transformed  individuals  of  the 
frogs  and  toads  of  the  United  States  are  well  known  (Wright  and  Wright,  1949).  For  P.  s. 
illinoensis ,  in  contrast,  the  only  published  information  is  the  description  by  Smith 
(1951)  of  froglets  that  transformed  from  tadpoles  kept  in  the  laboratory,  and  the  mention 
by  Smith  (1961,  p.  84)  repeated  by  Johnson  (1987)  that  "Newly  transformed  individuals 
of  this  subspecies  are  dull  gray,  and  their  dorsal  pattern  is  inconspicuous." 

Even  though  degree  of  locality-specific  variation  could  not  be  studied,  a  description  of 
newly  transformed  froglets  from  a  population  in  Madison  County,  Illinois  is  presented 
here  along  with  observations  on  the  behavior  of  froglets  at  the  natal  pond.  These  are 
important  because  they  will  prove  helpful  in  locating  and  recognizing  froglets  of  P.  s. 
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illinoensis.  Because  this  frog  spends  much  of  its  life  buried  in  sandy  substrates  (Brown 
et  al.,  1972),  surveys  to  locate  it  are  difficult.  Most  previous  surveys  (Brown  and  Rose, 
1988,  for  instance)  depended  on  locating  breeding  choruses.  The  information  provided  in 
the  present  paper  should  make  surveys  for  newly  transformed  froglets  easier  in  other 
portions  of  the  frog's  range.  Such  surveys  are  critical  to  determine  the  reproductive 
success  of  frogs  located  during  surveys  for  breeding  choruses. 

METHODS 

The  natal  pond  of  the  newly  transformed  froglets  that  I  describe  is  located  in  the  NE_  Sec. 
19,  T4N,  R8W  and  is  3.1  km  N  junction  of  Sand  Road  and  Chain  of  Rocks  Road, 
Madison  County,  Illinois  (Taubert  et  al.,  1982).  Two  ponds  are  located  in  former  borrow 
pits  at  this  locality.  Only  one  of  the  ponds  produced  froglets. 

I  used  drift  fences  to  collect  the  froglets.  Each  drift  fence  consisted  of  one  15.24  m 
section  of  aluminum  flashing  (0.25  m  in  height)  with  can  traps  to  effect  capture. 

I  measured  snout-vent  length  (SVL  =  from  the  anterior  tip  of  the  nose  to  the  center  of  the 
vent)  and  tail  stub  length  (TSL  =  from  the  center  of  the  vent  to  the  posterior  end  of  the 
tail)  with  a  metric  rule  to  the  nearest  mm  for  all  froglets  caught.  Froglets  can  be 
arbitrarily  divided  into  two  classes.  Those  with  a  TSL  >  2  mm  are  called  newly 
transformed  froglets  whereas  those  with  a  TSL  <  2  mm  are  called  recently  transformed 
froglets.  Froglets  with  a  TSL  <  1  mm  are  scored  as  0  TSL.  A  series  of  13  froglets  are 
deposited  as  vouchers  under  Illinois  Department  of  Conservation  permit  number  93-8s  at 
the  Illinois  Natural  History  Survey  (INHS  10938-39;  10946-56).  All  other  froglets  were 
marked  by  toe-clipping  and  released  shortly  after  capture. 

RESULTS 

Mean  SVL  for  all  newly  transformed  froglets  is  19  mm  (SD  =  1.18,  range  =  16-21  mm, 
n  =  208);  for  recently  transformed  froglets  the  mean  SVL  is  21  mm  (SD  =  1.21,  range  = 
18-25  mm,  n  =  506).  For  all  newly  transformed  froglets  collected  the  mean  TSL  is  10 
mm  (SD  =  5.24,  range  =  2-24  mm,  n  =  208). 

Description  Of  Newly  Transformed  Froglets 

The  head  is  relatively  massive  making  up  a  little  less  than  one  half  of  the  SVL.  The 
muzzle  is  blunt  and  square  shaped  with  the  mouth  inclined  upwards.  The  eyes  are  large 
making  up  one  third  of  the  length  of  the  head.  The  distance  between  nares  and  anterior 
border  of  the  eye  is  about  equal  to  the  width  of  the  eye.  Nares  are  slightly  oblique  and 
concave.  They  are  separated  by  a  distance  about  equal  to  their  distance  from  the  eye.  The 
tympanum  is  not  visible.  The  pupil  is  circular.  The  mouth  is  tadpole-like  with  traces  of 
fleshy  lips  still  remaining.  The  tongue  is  small  and  not  obvious  when  the  mouth  is 
opened.  The  mouth  opening  is  small  being  about  one  half  the  head  length. 

The  body  is  inflated  and  round  in  ventral  outline.  The  forelimbs  are  short  but  thick  with 
short  thick  fingers.  Their  insertion  into  the  body  is  obscured  by  folds  of  skin  above  and 
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below  the  forelimbs.  The  hind  limbs  are  long,  thin,  and  about  as  long  as  the  SVL.  The 
toes  are  elongated  and  thin.  They  are  only  slightly  webbed  with  webbing  restricted  to  the 
proximal  joints  of  the  phalanges. 

The  coloration  in  life  is  of  a  nearly  uniform  shade  of  reddish  brown.  After  preservation, 
areas  of  darker  and  lighter  markings  become  apparent.  These  are  located  on  top  of  the 
head,  on  the  fore-  and  hind  limbs,  and  on  the  sides  of  the  body.  The  head  markings 
include  an  inverted  Y-shaped  mark  that  interconnects  the  areas  of  the  orbits  and  indistinct 
bars  that  extend  from  the  anterior  border  of  the  orbit  to  the  nares.  Another  indistinct 
blotch  extends  from  the  posterior  border  of  the  orbit  towards  the  insertion  of  the  forelimbs 
into  the  body.  This  blotch  also  has  an  anterior  extension  that  reaches  the  midpoint  of  the 
orbit  below  the  eye.  The  maxillary  area  is  marked  with  indistinct  alternating  areas  of 
lighter  and  darker  coloration. 

Markings  on  the  body,  though  indistinct,  include  a  series  of  4-5  linearly  arrayed  sets  of 
blotches  or  elongated  blotches  oriented  along  the  long  axis  of  the  body.  The  most 
pronounced  of  these  blotches  lie  on  either  side  of  the  body  at  the  level  of  the  eyes 
beginning  posterior  to  the  inverted  Y  marking  and  continuing  to  the  tail  stub.  They  are 
irregular  and  may  appear  as  blotches  or  stripes  when  not  interrupted.  The  forelimbs  are 
barred  with  three  or  four  bars  between  the  hand  and  body.  One  bar  may  be  present  on  the 
hand  as  well.  The  hind  limbs  are  also  barred  with  six  bars  between  foot  and  body.  Three 
each  of  these  are  located  on  the  thigh  and  calf.  The  foot  has  two  or  three  bars.  The 
posterior  surface  of  the  thigh  and  groin  is  white  and  translucent.  The  venter  is  unmarked 
and  is  white  in  color. 

The  tail  stub  is  much  darker  than  the  body.  In  life,  it  appears  greenish  black  in  color 
with  no  apparent  markings.  After  preservation,  indistinct  chevrons  become  apparent. 
These  form  V-shaped  markings  with  the  point  of  the  V's  on  the  ventral  surface  of  the  tail 
stub  and  with  the  limbs  of  the  V's  slant  anteriorly. 

DISCUSSION 

Coloration  of  newly  transformed  froglets  reported  herein  is  similar  to  Smith's  (1951; 
1961)  reports  in  that  we  both  note  the  general  absence  of  color  pattern.  However,  the 
coloration  of  newly  transformed  froglets  that  I  observed  is  brown  but  gray  for  the  froglets 
reported  by  Smith.  It  is  possible  that  variation  in  coloration  is  a  locality-specific 
phenomenon  because  no  studies  of  variation  in  coloration  have  been  published. 

The  adaptive  significance  of  the  uniform  coloration  is  readily  apparent  to  observers 
experienced  in  looking  for  newly  transformed  froglets.  At  the  locality  I  studied,  newly 
transformed  froglets  are  almost  exactly  the  same  coloration  as  the  dampened  sand  along 
the  pond  margins.  Even  sitting  exposed,  newly  transformed  froglets  are  difficult  to  see 
against  the  background  of  dampened  sand.  Most  individuals  are  not  exposed  but  are 
instead  rest  near  twigs  or  plant  debris  that  littered  the  margins  of  the  pond.  In  such  cases, 
many  newly  transformed  froglets  became  apparent  only  after  they  had  moved  to  avoid 
being  stepped  on.  Consequently,  daylight  searches  for  froglets  should  be  concentrated 
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where  debris  has  collected  along  the  pond  margins  whereas  night  searches  should  include 
areas  of  bare  sand  as  well. 

Once  the  newly  transformed  froglet  leaves  the  dampened  sand  and  enters  areas  of  dry  sand, 
they  become  readily  apparent  to  the  human  observer  and  were  easily  seen  along  the  drift 
fences.  The  conversion  to  the  more  blotched  appearance  of  recently  transformed  froglets 
and  many  of  the  newly  transformed  froglets  caught  away  from  the  pond  margin  may  be 
rapid  because  newly  transformed  froglets  with  tail  stubs  as  long  as  12  mm  had  already 
undergone  this  process. 

I  also  observed  three  recently  transformed  froglets  with  the  greenish  ground  color  of  the 
dorsum  which  Smith  (1961)  believed  to  be  absent  from  P.  s.  illinoensis  based  on  his 
examination  of  a  small  number  of  frogs.  While  this  color  morph  can  no  longer  be  said  to 
be  absent,  it  certainly  is  not  common  (3  of  714,  or  0.42%). 

The  highly  unusual  feature  of  the  newly  transformed  froglets  and  recently  transformed 
froglets  that  I  report  is  their  very  large  size  (mean  SVL  =  19  mm)  relative  to  frogs 
considered  to  be  adults.  Smith  (1961)  reported  a  specimen  with  a  SVL  of  28  mm  that  he 
called  a  subadult.  Johnson  (1987)  reported  SVL  for  adults  (sex  and  method  of 
determination  of  adult  status  not  stated)  to  range  between  25  and  41  mm  with  the  largest 
Missouri  specimen  reported  as  38  mm  (42  mm  for  Illinois,  Smith,  1961).  Johnson's 
smallest  adult  would  be  included  in  the  range  of  SVL  for  specimens  caught  at  drift  fences 
that  I  believe  to  be  recently  transformed  froglets. 

The  newly  transformed  froglets  that  I  report  are  much  larger  than  newly  transformed 
froglets  that  Smith  (1951)  reported.  He  reported  a  range  of  12  to  16  mm  (body  length) 
for  larvae  that  transformed  in  aquaria.  It  is  possible  that  conditions  of  captivity  caused 
Smith's  newly  transformed  froglets  to  be  relatively  small.  It  is  also  possible  that  the 
large  size  of  the  newly  transformed  froglets  that  I  observed  is  a  locality-specific 
phenomenon  as  the  data  presented  herein  are  the  only  data  published  concerning  size  at 
transformation  for  P.  s.  illinoensis  based  on  specimens  not  maintained  in  captivity.  The 
size  at  transformation  is  important  because  at  least  some  of  the  froglets  at  the  Madison 
County  site  are  able  to  reach  sexual  maturity  in  one  growth  season  (Tucker,  1995). 

Froglets  of  P.  s.  streckeri  are  smaller  at  transformation.  Wright  and  Wright  (1949,  p. 
277)  reported  a  range  of  SVL  of  12  mm  to  13.5  mm  for  P.  s.  streckeri  from  a  Texas 
locality  (n  =  3).  This  is  outside  the  range  observed  for  P.  s.  illinoensis  from  Madison 
County  but  similar  to  those  reported  by  Smith  (1951).  For  P.  ornata,  Wright  and  Wright 
(1949)  reported  larger  froglets  (range  =  14-19  mm,  mean  =  17.29,  n  =  19)  for  specimens 
from  Florida.  The  latter,  they  considered  "slightly  or  well  past  transformation"  (Wright 
and  Wright,  1949,  p.  272).  They  overlap  the  low  end  of  the  range  in  SVL  observed  for 
recently  transformed  froglets  from  Madison  County. 

It  is  important  to  be  able  to  recognize  newly  transformed  P.  s.  illinoensis.  This  frog  is 
listed  as  a  threatened  species  in  Illinois  (Herkert,  1992),  as  rare  in  Missouri  (Anonymous, 
1992),  as  a  species  of  special  concern  in  Arkansas  (R.  Roberg,  pers.  comm.),  and  as 
federal  candidate  species  (Dodd  et  al.,  1985).  Consequently  throughout  the  range  of  the 
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frog,  it  is  important  to  be  able  to  evaluate  reproductive  success.  Most  surveys  conducted 
to  locate  the  frog  concentrate  on  locating  breeding  choruses  during  the  early  spring. 
Discovery  of  a  chorus  does  not  necessarily  mean  that  the  frogs  are  successfully 
reproducing  at  that  locality  because  females  may  have  not  visited  the  choruses  to  lay 
eggs.  Even  observation  of  eggs  does  not  necessarily  mean  the  frog  was  successful 
because  the  eggs  and  tadpoles  may  fail  to  complete  development.  Observation  of  newly 
transformed  froglets  leaving  the  natal  pond  is  much  better  evidence  for  successful 
reproduction. 
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ABSTRACT 

Fecundity  as  determined  by  counts  of  oviductal  eggs  is  reported  for  the  Illinois  chorus 
frog  ( Pseudacris  streckeri  illinoensis ),  a  threatened  species  in  Illinois.  Mean  clutch  size 
was  608  oviductal  eggs  (n  =  five  clutches).  Clutch  size  ranged  from  411  to  783  eggs  (SD 
=  140  eggs).  Individual  egg  masses  deposited  in  nature  averaged  22  eggs  per  mass  (range 
=  8-42  eggs,  SD  =  13  eggs,  n  =  9  egg  masses).  The  egg  masses  ranged  from  13  mm 
long  by  7  mm  wide  for  one  containing  13  eggs  to  18.5  mm  long  by  5  mm  wide  for  one 
containing  35  eggs.  The  mean  number  of  oviductal  eggs  was  somewhat  higher  than  the 
mean  previously  reported  for  this  frog  from  Arkansas.  The  number  of  eggs  per  mass 
oviposited  in  Illinois  was  about  half  the  number  reported  for  Arkansas  females. 


INTRODUCTION 

The  Illinois  chorus  frog,  Pseudacris  streckeri  illinoensis,  is  restricted  to  sandy 
substrates  in  the  floodplains  of  the  Mississippi  and  Illinois  rivers  in  Arkansas,  Illinois, 
and  Missouri  (Conant  and  Collins,  1991).  Pseudacris  s.  illinoensis  is  uncommon  and 
listed  as  a  threatened  species  in  Illinois  (Herkert,  1992).  This  highly  fossorial  frog  is 
distributed  in  Illinois  mainly  along  the  central  part  of  the  Illinois  River  (Brown  and  Rose, 
1988;  Smith,  1961  and  1966).  Other  Illinois  populations  are  scattered  along  the 
Mississippi  River  floodplain  in  Madison,  Monroe,  and  Alexander  Counties  (Axtell  and 
Haskell,  1977;  Brown  and  Brown,  1973;  Brown  and  Rose,  1988;  Gilbert,  1986;  Holman 
et  al.,  1964). 

The  life  history  of  Pseudacris  streckeri  illinoensis  is  poorly  known.  Details  about  its 
fossorial  habits  are  best  known  (reviewed  by  Tucker,  1995  and  Tucker  et  al.,  1995).  The 
only  account  on  fecundity  is  based  on  specimens  from  Arkansas  (Butterfield  et  al.,  1989). 
Because  fecundity  is  an  important  life  history  trait  and  little  known  for  this  subspecies,  I 
report  on  fecundity  from  a  small  sample  of  road-killed  gravid  females  from  Madison 
County.  I  also  include  a  description  of  oviposition  behavior. 

METHODS 

Fecundity  was  studied  by  counting  oviductal  eggs  from  five  road-killed  females  that 
appeared  to  retain  most  or  all  of  the  eggs  within  the  body  cavity.  All  five  frogs  were 
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found  killed  on  Sand  Road  (Sec.  19,  T4N,  R8W)  in  Madison  County,  Illinois  between  9- 
14  April  1994.  Eggs  were  removed  from  the  oviducts,  teased  apart,  and  counted  at  7X 
magnification.  Females  were  deposited  in  the  collections  of  the  Illinois  Natural  History 
Survey  (INHS  12342-12343,  12345,  12347,  12351). 

I  also  counted  eggs  contained  in  the  individual  egg  masses  that  the  female  oviposits. 
Nine  egg  masses  were  collected  on  13  April  1994  under  Illinois  Department  of  Natural 
Resources  permit  number  94-8s  and  were  also  deposited  in  the  collections  of  the  Illinois 
Natural  History  Survey  (INHS  12352).  Egg  masses  were  collected  from  a  water-filled 
ditch  where  ten  female  P.  s.  illinoensis  were  observed  ovipositing  on  10  April  1994.  No 
other  species  of  Pseudacris  were  heard  calling  at  this  site.  Eggs  in  these  masses  were 
also  counted  under  7X  magnification.  Individual  eggs  in  each  egg  mass  were  also  staged 
(Gosner,  1960).  Means  and  standard  deviations  (=  SD)  were  rounded  to  the  nearest  whole 
number  of  eggs. 


RESULTS 

Mean  clutch  size  was  608  oviductal  eggs  (n  =  five  clutches).  Clutch  size  ranged  from  411 
to  783  eggs  (SD  =  140  eggs).  The  mean  for  nine  individual  egg  masses  was  22  eggs  per 
mass  (range  =  8-42  eggs,  SD  =  13  eggs).  The  egg  masses  ranged  from  13  mm  long  by  7 
mm  wide  for  one  containing  13  eggs  to  18.5  mm  long  by  5  mm  wide  for  one  containing 
35  eggs.  Mean  stage  for  the  nine  egg  masses  was  stage  5.3  (range  =  stage  2-stage  7.5, 
SD  =  1.6  stages). 

I  observed  ten  pairs  of  amplexing  frogs  in  the  process  of  depositing  eggs.  All  were  in  a 
similar  posture  when  first  observed.  In  each  case,  the  female  had  grasped  grass  blades  that 
were  parallel  to  the  water's  surface  with  her  front  legs.  Thus,  all  of  the  females  were 
suspended  upside  down.  Consequently,  egg  masses  were  deposited  on  the  bottom  side  of 
the  object.  Egg  masses  quickly  become  obscured  by  floating  silt  and  debris  due  to  the 
sticky  gelatinous  coating  holding  the  egg  mass  together.  Once  coated  by  silt  and  debris, 
the  egg  masses  were  difficult  to  see. 


DISCUSSION 

Smith  (1961)  and  Johnson  (1987)  reported  400  and  200-400  eggs  per  female  for  Illinois 
and  Missouri  Pseudacris  streckeri  illinoensis ,  respectively.  Butterfield  et  al.  (1989) 
found  that  clutches  of  Arkansas  P.  s.  illinoensis  averaged  468.6  eggs  (n  =  12  clutches) 
compared  to  a  mean  of  608  eggs  per  clutch  that  I  observed  for  P.  s.  illinoensis  from 
Madison  County,  Illinois.  The  mean  number  of  oviductal  eggs  that  I  found  is  somewhat 
higher  than  the  mean  reported  by  Butterfield  et  al.  (1989).  However,  my  sample  and  the 
one  from  Arkansas  are  both  small  and  variable  with  Butterfield  et  al.  (1989)  reporting  a 
range  of  148-1,012  eggs  among  12  Arkansas  females.  In  part,  this  variation  could  be  due 
to  counts  from  females  that  had  deposited  a  portion  of  their  total  clutch  before  they  were 
collected  in  the  Butterfield  et  al.  study  or  killed  crossing  roads  for  the  current  study. 
Ideally,  eggs  should  be  counted  before  the  breeding  season  begins.  However,  this 
fossorial  frog  is  difficult  to  collect  except  during  the  breeding  season.  Moreover, 
sacrificing  females  from  small  populations  such  as  the  one  in  Madison  County  to  count 
oviductal  eggs  would  be  difficult  to  justify  given  the  availability  of  road-killed  frogs. 
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Trauth  et  al.  (1990)  found  that  Pseudacris  streckeri  illinoensis  from  Arkansas  contained 
slightly  more  eggs  than  a  small  sample  of  P.  s.  streckeri  from  Arkansas.  In  contrast, 
Bragg  (1942)  reported  egg  complements  of  708,  695,  and  401  eggs  (mean  =  601  eggs)  for 
three  female  P.  s.  streckeri  from  Oklahoma.  In  this  instance,  means  for  Oklahoma  P.  s. 
streckeri  and  Illinois  P.  s.  illinoensis  were  almost  identical  (i.e.,  601  eggs  vs.  608  eggs, 
respectively).  Thus,  no  evidence  of  geographic  variation  in  fecundity  is  apparent  from  the 
limited  number  of  observations  that  have  been  made  for  P.  streckeri. 


Female  Pseudacris  streckeri  illinoensis  do  not  lay  their  eggs  in  a  single  mass  but 
instead  divide  them  into  a  number  of  smaller  egg  masses.  Butterfield  et  al.  (1989)  found 
that  78  egg  masses  averaged  41  eggs  each.  The  number  of  eggs  per  mass  oviposited  in 
Illinois  is  about  half  the  number  reported  for  Arkansas  females  (Butterfield  et  al.,  1989) 
but  the  Illinois  sample  is  very  small.  Previously,  Bragg  (1942)  reported  that  the  usual 
number  of  eggs  per  egg  mass  for  P.  s.  streckeri  was  20  to  50,  which  is  consistent  with 
results  for  P.  s.  illinoensis  from  Illinois  and  Arkansas. 

Illinois  females  of  Pseudacris  streckeri  illinoensis  deposited  eggs  on  grass  stems  and 
leaves  similar  to  Oklahoma  females  of  P.  s.  streckeri  (Bragg,  1942).  However,  sticks  and 
twigs  are  also  used  for  oviposition  by  Arkansas  P.  s.  illinoensis  (Butterfield  et  al.,  1989). 
Individual  egg  masses  of  P.  s.  illinoensis  and  those  of  P.  s.  streckeri  (Bragg,  1942) 
become  coated  with  silt  and  debris.  The  coating  may  provide  some  protection  from 
predators  (Bragg,  1942). 
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ABSTRACT 

The  eastern  woodrat,  a  state-endangered  species,  is  a  generalist  herbivore  that  depends  on 
cached  food  during  part  of  the  year.  We  identified  seasonal  variation  in  the  diet  of 
woodrats  at  Pine  Hills,  Union  County,  Illinois,  based  on  analysis  of  fecal  pellets,  and 
determined  if  they  consumed  forage  in  proportion  to  its  availability  in  the  habitat. 
Woodrats  did  not  consume  forage  in  proportion  to  availability  for  any  season  during 
1995.  Mast,  primarily  hickory  nuts,  comprised  61-67%  of  the  diet  each  season,  despite 
no  mast  available  in  the  habitat  during  spring,  and  relatively  little  during  summer.  Few 
herbaceous  species  were  eaten  during  any  season;  only  Virginia  creeper  was  identified  in 
fecal  samples  throughout  the  year.  Virginia  creeper,  spicebush,  and  sedge  accounted  for 
79.4%  of  the  identified  herbaceous  material  consumed  throughout  the  year,  despite 
relatively  low  availability  in  the  habitat.  Resource  caching  decisions  of  woodrats  depend 
on  nutrient  content  and  perishability.  Woodrats  appeared  to  ration  cached  resources  so  as 
not  to  be  left  with  poor  foods  at  the  end  of  the  cache-dependent  period. 

INTRODUCTION 

The  eastern  woodrat  ( Neotoma  floridana)  is  currently  a  state-endangered  species  in  Illinois 
(Herkert  1992).  Southern  Illinois  represents  the  periphery  of  the  species'  range  in  the 
midwest,  where  it  currently  is  known  to  occur  at  La  Rue  Pine  Hills  and  Horseshoe  Bluff 
in  Union  County,  and  Fountain  Bluff  and  Little  Grand  Canyon  in  Jackson  County 
(Monty  et  al.  1995).  Historically,  woodrats  were  more  widely  distributed  throughout  the 
state,  with  populations  in  Hardin,  Monroe,  and  Randolph  counties  (Layne  1958,  Parmalee 
1959,  Parmalee  et  al.  1961).  Nawrot  (1974)  documented  24  sites  of  past  woodrat 
occurrence  throughout  Shawnee  National  Forest  in  southern  Illinois.  Like  the  closely- 
related  Allegheny  woodrat  ( N .  magister),  eastern  woodrat  populations  have  declined 
throughout  their  geographic  range  (Woodrat  Recovery  Workshop  1993,  Beans  1994). 
Several  causative  factors  for  these  declines  have  been  proposed,  including  weather, 
predation,  reduced  food  supply,  parasitism,  and  habitat  fragmentation  (Neal  1967,  Nawrot 
1974,  Birch  et  al.  1994).  The  objective  of  this  study  was  to  identify  seasonal  variation  in 
the  diet  of  woodrats  at  Pine  Hills,  and  determine  if  woodrats  selected  forage  in  proportion 
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to  availability.  Besides  intrinsic  interest,  these  data  will  be  useful  in  habitat  assessment 
if  woodrats  are  reintroduced  to  formerly  occupied  sites  in  southern  Illinois. 

MATERIALS  AND  METHODS 


Study  Area 

The  Pine  Hills  area  is  composed  of  north-south  oriented  Devonian  age  Bailey  limestone 
bluffs  that  extend  8.8  km  and  average  2.4  km  above  the  flood  plain  (Baskett  1925,  Weller 
and  Ekblaw  1940).  Swamp  land  borders  the  southern  8  km  of  the  bluff.  Woodrats  occur 
along  the  south  and  west-facing  bluffs  located  in  T1  IS,  R3W,  sections  9,  12,  21,  and  28. 
The  principal  overstory  vegetation  consists  of  several  species  of  hickory  ( Carya  sp.)  and 
oak  ( Quercus  sp.),  with  sweetgum  ( Liquidambar  styraciflua )  and  Kentucky  coffee  tree 
(Gymnocladus  dioicus )  also  present.  Understory  vegetation  is  dominated  by  poison  ivy 
( Toxicodendron  radicans ),  mayapple  ( Podophyllum  peltatum),  spring  beauty  ( Claytonia 
virginica),  and  spleenwort  ( Asplenium  sp.). 

Diet  Analysis 

Microhistological  techniques  were  used  to  identify  plant  fragments  in  woodrat  fecal 
material  using  plant  epidermal  features,  including  stomata,  hairs,  cell  wall  ornamentation, 
and  the  presence  and  position  of  silica  cells.  Fresh  fecal  pellets  were  collected  from 
woodrats  captured  in  Tomahawk  wire  mesh  live  traps  (16.5  x  16.5  x  48  cm)  set  along  the 
bluff  where  woodrat  sign  was  evident,  including  stick  nests,  fecal  droppings,  feeding 
debris,  and/or  tracks.  Traps  were  operated  for  3  consecutive  days  every  3  or  4  weeks 

Fecal  samples  were  collected  monthly  from  October  1994  through  December  1995.  The 
pellets  were  collected  from  cotton  bedding  material  in  each  trap  and/or  the  bag  used  to 
handle  the  woodrats.  The  animal’s  individual  identification  number,  trap  site  location, 
and  the  date  were  recorded.  Pellets  from  individual  woodrats  remained  separate  and  were 
stored  in  sealed  plastic  bags  until  analyzed. 

Microscope  slides  of  fecal  material  were  prepared  as  described  by  Middleton  and  Rojas 
(1994)  and  Scott  and  Dahl  (1980).  Chloral  hydrate  was  used  to  clear  pigments  from  the 
fecal  material  without  damaging  the  plant  epidermal  characteristics  (Middleton  and  Rojas 
1994),  and  as  the  mounting  medium. 

Fecal  samples  were  placed  in  a  Wiley  micro  mill  and  ground  through  a  60  fim  screen. 
The  mill  was  cleaned  after  each  sample  was  ground  to  avoid  combining  the  samples.  The 
ground  material  was  placed  in  a  0. 1  mm  sieve  and  rinsed  with  water  until  the  water  ran 
clear.  Each  sample  was  ground  and  rinsed  separately.  Cleaned  material  was  then  placed  in 
a  petri  dish  to  dry  overnight.  A  small  amount  of  processed  fecal  material  was  placed  on  a 
75  x  25  mm  plain  microscope  slide  and  boiled  with  two  drops  of  Hertwig’s  clearing 
solution  over  an  alcohol  lamp.  Two  drops  of  Hoyer’s  mounting  solution  was  added  and 
the  mixture  was  boiled  again.  While  the  slide  was  still  hot,  a  cover  slip  (24  x  40  mm) 
was  placed  on  it  and  sealed  with  clear  fingernail  polish.  Plant  epidermal  fragments  were 
recorded  from  20  fields  per  slide  at  125X  magnification  (Dial  1988). 
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Plant  Sampling 

Belt  transects  (5  x  9  m)  were  used  to  sample  the  plant  community  of  Pine  Hills.  The  4.8 
km  lower  Pine  Hills  road  (#354)  was  divided  into  0.16  km  increments.  Transects  were 
placed  from  these  points,  perpendicular  from  the  road  to  the  bluff.  Four  transects  were 
randomly  chosen  as  permanent  plots  for  the  study.  An  additional  random  plot  was  chosen 
during  each  sampling  period.  These  additional  plots  were  sampled  once  during  the  study, 
with  a  different  plot  chosen  each  sampling  period.  All  plants  in  the  shrub  layer,  50  cm  to 
5  m  in  height,  and  the  herb  layer,  <  50  cm,  were  counted  and  identified,  as  well  as  mast 
and  fruit  from  trees  (Mueller-Dombois  and  Ellenberg  1974).  Transects  were  sampled  four 
times  during  the  year,  February  (winter),  April  (spring),  July  (summer),  and  September 
(fall)  of  1995.  Within  the  transects,  a  total  count  of  each  species  was  recorded.  A  sample 
of  leaves,  stems,  flowers,  fruit  and  seeds  was  collected  to  make  a  reference  collection  of 
epidermal  tissue.  Reference  slides  were  made  in  the  same  manner  as  the  fecal  slides. 

RESULTS 

A  total  of  27  plant  species  was  observed  during  habitat  sampling.  Only  2  species, 
plantain  ( Plantago  sp.)  and  poison  ivy,  occurred  throughout  the  year  in  the  transects. 
Eight  plant  species  were  observed  in  the  winter  transect  sample,  17  in  the  spring,  16  in 
summer,  and  1 1  in  fall  (Table  1). 

Fecal  samples  from  8  to  17  woodrats  were  analyzed  each  season.  During  the  winter,  eight 
plant  species  were  identified  from  fecal  samples.  The  woodrats  relied  heavily  on  mast 
(Table  2).  The  remainder  of  the  diet  was  composed  of  herbaceous  material:  15%  sedge 
( Carex  sp.),  8%  Virginia  creeper  ( Parthenocissus  quinquefolia),  6%  spicebush  ( Lindera 
benzoin ),  neither  of  which  were  found  in  winter  transects  (Table  1),  and  hickory  leaves 
(1%).  In  the  spring,  the  number  of  identified  plant  species  consumed  increased  to  10. 
Woodrats  again  relied  heavily  on  mast,  all  from  cached  material,  as  none  was  available  in 
the  habitat  (Tables  1  and  2).  Herbaceous  material  consisted  solely  of  Virginia  creeper 
(12%),  spicebush  leaves  and  berries  (8%),  mayapple  (4%),  jewell-weed  ( [Impatiens 
pallida)  (2%),  and  grape  (Vitis  sp.)  (1%).  The  summer  diet  included  seven  identified  plant 
species,  again  primarily  cached  mast.  Virginia  creeper  (8%),  hickory  leaves  (2%),  and 
mayapple  (1%)  composed  the  herbaceous  portion  of  the  diet.  Unidentified  plant  species 
made  up  25%  of  the  diet,  the  largest  unknown  percentage  of  any  season.  As  in  other 
seasons,  most  of  the  unidentified  material  was  herbaceous.  Nine  plant  species  were  found 
in  the  fall  fecal  sample.  Mast  composed  most  of  the  diet,  with  sedge  (10%),  hickory 
leaves  (9%),  spicebush  (2%),  Virginia  creeper  (2%),  and  mayapple  (1%)  the  identifiable 
herbaceous  portion. 

Virginia  creeper  was  the  only  plant  identified  in  the  diet  all  four  seasons.  It  apparently 
was  cached,  as  it  did  not  occur  in  transects  during  winter  and  spring.  Only  seven 
herbaceous  species  were  identified  from  fecal  samples.  Of  these,  three  species  (Virginia 
creeper,  spicebush,  and  sedge)  accounted  for  79.4%  of  the  identified  herbaceous  material 
consumed  throughout  the  year.  All  three  were  relatively  infrequent  in  the  habitat  (Table 
1). 

Although  mast  available  in  the  habitat  varied  seasonally,  the  percentage  of  mast 
consumed  by  woodrats  was  relatively  consistent  throughout  the  year.  Woodrats  consumed 
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cached  mast  in  spring  and  summer,  when  little  or  none  was  available  in  the  habitat,  and 
ate  less  mast  than  was  available  in  fall  and  winter,  caching  the  remainder. 

DISCUSSION 

The  eastern  woodrat  is  a  small,  generalist  herbivore  that  depends  on  cached  food  during 
winter,  when  access  to  other  resources  is  limited.  Resource  caching  decisions  of  woodrats 
depend  on  factors  such  as  nutrient  and  energy  content  (Post  1993),  and  perishability 
(Reichman  1988).  Like  other  cachers,  woodrats  should  eat  a  diverse  diet  so  as  not  to  be 
left  with  poor  foods  prior  to  the  end  of  the  cache-dependent  period  (Reichman  and  Fay 
1983).  The  woodrats  at  Pine  Hills  did  appear  to  ration  stored  mast  throughout  the  year. 
Mast  comprised  61-67%  of  the  diet  each  season,  with  little  variation,  despite  no  mast 
available  in  the  habitat  during  spring,  and  relatively  little  during  summer.  The  animals 
selected  nuts  over  other  food  items,  but  were  not  selective  in  their  choice  of  mast. 
Hickory  was  the  most  common  mast  in  the  Pine  Hills  area,  and  woodrats  ate  hickory  nuts 
in  proportion  to  their  availability. 

Woodrats  are  capable  of  adapting  their  feeding  habits  to  local  conditions  and  available 
plant  material,  but  generally  a  few  plant  species  make  up  the  majority  of  the  diet  (Rainey 
1956).  During  the  spring  and  summer  months,  the  animals  utilized  more  herbaceous 
material,  while  it  was  available  to  them.  Nonetheless,  relatively  few  herbaceous  species 
were  utilized.  In  the  fall,  collecting  of  cache  material  began.  Because  it  is  much  less 
perishable  than  herbaceous  material  (Reichman  1988),  stored  mast  provided  the  primary 
food  source  during  the  winter  and  early  spring  months. 

Translocations  (reintroduction)  of  woodrats  into  formally  occupied  sites  throughout  the 
Shawnee  National  Forest  is  a  possible  management  option  to  promote  recovery  of  the 
species  in  Illinois.  Among  numerous  considerations  in  any  reintroduction  effort  (Griffith 
et  al.  1989),  potential  food  resources  are  a  critical  factor.  A  necessary  aspect  of  successful 
establishment  of  woodrats  in  southern  Illinois  would  appear  to  be  sites  with  abundant 
mast  resources.  Secondarily,  the  presence  of  key  herbaceous  species,  including  Virginia 
creeper,  spicebush,  and  sedge  is  recommended. 
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Table  1.  Seasonal  percentage  of  27  plant  species  found  in  transect  counts  at  Pine  Hills, 
Union  County,  Illinois,  1995.  No  value  indicates  the  species  was  not  found  in 
any  transect  that  season. 


Percentage  Occurrence 


Species 

Winter 

Spring 

Summer 

Fall 

Acorns  ( Quercus  sp.) 

28 

3 

1 

Alumroot  ( Heuchera  parviflora ) 

9 

Bedstraw  ( Galium  sp.) 

9 

9 

1 

Bellflower  ( Campanula  americana) 

6 

5 

Black  Locust  (Robinia  hispida ) 

15 

Bloodroot  {Sanguinaria  canadensis ) 

1 

Catbrier  ( Smilax  sp.) 

1 

1 

Dutchman's  Breeches  {Dicentra  cucullaria) 

8 

Grape  ( Vitis  sp.) 

2 

1 

Hickory  Leaves  {Carya  sp.) 

9 

14 

Hickory  Nuts  {Carya  sp.) 

13 

11 

74 

Jewell-weed  {Impatiens  pallida) 

6 

9 

1 

Kentucky  Coffee  Tree  pods  {Gymnocladus  dioicus) 

18 

Larkspur  {Delphinium  tricorne) 

2 

Mayapple  {Podophyllum  peltatum) 

11 

13 

Panic  Grass  {Panicum  sp.) 

1 

Plantain  {Plantago  sp.) 

9 

2 

1 

1 

Poison  Ivy  {Toxicodendron  radicans) 

5 

1 

24 

3 

Sedge  {Car ex  sp.) 

3 

Sessile  Trillium  {Trillium  sessile) 

3 

Spicebush  {Lindera  benzoin) 

1 

1 

1 

Spleenwort  {Asplenium  sp.) 

19 

2 

Spring  Beauty  {Claytonia  virginica) 

22 

Sweet  Clover  {Melilotus  sp.) 

2 

Violet  {Viola  sp.) 

4 

Virginia  Creeper  {Parthenocissus  quinquefolia) 

9 

2 

Wood  Nettle  {Laportea  canadensis) 

1 

1 

1 
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Table  2.  Seasonal  percentages  of  masta  vs.  herbaceous  food  items  available  in  the 
habitat,  and  percentages  in  woodrat  (Neotoma  floridana)  diets  (based  on  fecal 
samples),  from  Pine  Hills,  Union  County,  Illinois,  1995. 


%  Mast 


Season 

Available 

In  Diet 

Winter 

74 

67 

Spring 

0 

61 

Summer 

14 

64 

Fall 

74 

65 

%  Herbaceous 

%  Unknown 

Available 

In  Diet 

in  Diet*3 

26 

30 

3 

100 

27 

12 

86 

11 

25 

26 

24 

11 

a/  Includes  acorns,  hickory  nuts,  locust  pods,  and  Kentucky  coffee  tree  pods  (see  Table  1). 
b/ Includes  primarily  herbaceous  material  every  season 
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